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Abstract 
 
Purpose: concept development and software modification to integrate worker´s 
competencies into technological process chain optimization using mathematical 
models and a genetic algorithm.  
Design/methodology/approach: A revision of GA applications found in literature is 
necessary for select the right strategy to change the process models. The 
competences and knowledge theory for the personnel give a systematic way for 
collecting the workers skills and the needed competence to perform the job. The 
development of a new coefficient, the KOP, gives the possibility of having a 
parameter that connects the workers´ competencies with every process: this 
coefficient guides the planner to do a better worker assignment of the workers to the 
jobs, and obtaining process parameter influenced by the personnel. This is obtaining 
by the insertion of coefficients in the process models, taking in consideration the 
influence of the personnel on the process time (different for every kind of job). The 
modifications of the prototype develop a method which allows for an integrated 
technological and competence-based process chain planning. This method was 
implemented into a software prototype by programming a “competence-module”.  
Findings: The changing of the process models gives as results of the GA a set of 
parameters influenced by the competence of the personnel, and a set of KOPs 
optimally selected by the algorithm: the evaluation of the competence owned and 
needed bring to a production of another KOPs set. The systematic confrontation of 
these two sets, with the introduction of logic passages and a tolerance system, bring 
to an optimal selection of the personnel. The result of the validation shows an 
improvement of the performances, in relationship with the available pool of worker.  
Originality/value: The proposed work can be considered as a first step to the 
simultaneous and symbiotic optimization of the process parameters and the working 
personnel system. This is a first proposal to integrate the personnel in a systematic 
way, contemporary for the influence on time, cost, and parameters of the processes 
and for the assignation to the jobs themselves. 
Keywords: personnel influence, competence based criteria, modified Genetic 
Algorithms, personnel interacting GUI 
Document type: Master Degree Thesis.  
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1 Introduction 
 
The optimization of the industrial process is totally changed with the introduction of 
the calculator. In the past, after the construction of mathematical models, the 
optimization must be done through approximation method and simplification of the 
model by the experience of the planner: the reason is that the number of variables 
and of the complexity of the equations was hard obstacle. In the last years with the 
aid of a CPU other important steps could be done: the possibility of the use of the 
iteration, a massive number of operations could be done at the same time, with a 
speed unimaginable before. Some numerical method could be used for the 
approximation of some mathematical system, which constitutes the model of the 
industrial process that have to be optimized. The improvement of the computing 
power of the calculators conducts to another way: with the possibility of a lot 
calculations in a short time, the computer can be used not only in an instrumental 
way, but some methods are created almost only for a computational use. The genetic 
algorithm is one of these methods: through the simulation to the natural selection, the 
algorithm can select a prevailing solution of one function, also totally non-linear and 
with a huge number of variables, only with the variables' ranges where it would 
search the solution. Also more than one  functions should be optimized: this kind of 
use of the algorithm brings to the reaching to a tradeoff solution, called Pareto 
efficient solution: the planner can select between more different optimal solution sets, 
and search the more comfortable solution for his case, with the consciousness of 
having the optimization all the variables for every set. The genetic algorithms use in 
the in industrial optimization has an impressive acceleration in the last 10-15 years: 
the development of software as MatLab and other software of numerical computing 
environments give the possibility to a largest scale application of this kind of 
programs.  
Another major  challenge for strategic  human  resource  management  research is 
establish  a  clear,  coherent  and  consistent  construct for  organizational  
performance. The assignment of personnel to specific tasks constitute a crucial 
decision, since the very survival of the enterprise can depend upon an appropriate 
choice being made to optimize the assignment or selection process, there is a need 
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for some tool able to grasp all the complexity which vague information brings with it, 
as is also the case if the decision-maker is to reach a good solution. The 
simultaneous optimization of the process parameter and assignation of the workers 
becomes a target of all the manufacturing optimization process. 
This work focus the attention of a particular case: an industrial forging line composes 
by two process chains that cross their selves in the forging operation. The process 
chains realize the production of the forged components and the forging dies, which 
have to be use in the production of the forged, manufacturing.  
The process models and variables set are already developed: they are used for build 
the functions that the genetic algorithm uses for the optimization.  
The data necessary for the optimization and for the selection of the alternative 
choices for the chains and the production system are stored into an Access 
Database. A prototype of a Graphical User Interface shows and permits to the 
planner to select the option of the chain, interact with the Database and run the 
algorithm. 
The whole aim of the work is introduce the personnel influence into the results of the 
algorithm and find a way for realize a correct assignation to the workers, available to 
the planner, for every job.  
1.1 Thesis work procedure 
The work will begin with a general introduction on the genetic algorithm: after is 
developed an overview of various applications of the algorithm founded in literature, 
and the examination of the process models and the obtained results for the case in 
study and the old algorithm. The created competence-based criterion of the working 
personnel is showed in detail. After the description of the existing prototype in all this 
aspect and the modification that occur for apply the theoretic developed model and 
for reach the results. A necessary validation is the following step that would show the 
goodness of the work. A future development outlook concludes the whole thesis. 
A fundamental step is to find competence-based criteria for give a systematical 
evaluation to the working personnel, and decide how to connect the competence of 
the worker with the decision of personnel assignation to the jobs.The influence of the 
workers have to be induced to the optimization results: the only way is to modify the 
process models, so a modification into the Genetic Algorithm programming, with one 
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or more coefficients dependent to the workers' skills and to the needed competences 
for the job. The data of the personnel have to be stored into the Database for be 
used by the algorithm and also for a display into the Graphical User interface. The 
assignment of the workers to the jobs is a parallel problem: the best solution would 
be to find a way for make contemporary the optimization of the process parameters, 
taking in consideration the influence of the personnel on the system, and find the 
optimal battery of workers to assign to the jobs. The planner has to select the 
available workers' skills and the essential competences that the jobs need. The first 
aim of the whole work is obtain a set of process parameters influenced by the 
personnel, identifiable by the comparison with the old algorithm: with the possibly of 
demonstrate how the results of the optimization can improve with an optimal set of 
workers. The second aim is obtain the personnel battery that can realize the 
improvement of the optimal process parameters. The figure 1.1 shows a comparison 
between the prototype and the modified prototype procedure 
 
 
Figure 1.1: Procedures for the Prototype and the new Prototype with the competence module. 
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2 The Genetic Algorithm 
2.1 Introduction 
 
The Genetic Algorithms (GAs) is a heuristic search method, based on the imitation of 
the natural processes of evolution. 
The GA, like the nature, works by evolutionary steps on a population of individuals, in 
order to obtain a state of a final population under specified rules: the evolution of 
population in nature is composed by two primary processes, the natural selection and 
the sexual reproduction. The first determines which members of population survive 
and reproduce, and the second ensures mixing and recombination among the genes 
of their offspring. In 1975, John H. Holland developed this idea in his book 
“Adaptation in natural and artificial systems”. He described how to apply the 
principles of natural evolution to optimization problems and built the first Genetic 
Algorithms. 
The GA works at same for maximise the "fitness ", through the selection process of 
the variables and the evolutionary operators (i.e. mutation, crossover). 
The population of GA is composed by single individuals called chromosomes or 
strings.  
For each generation the fitness of individuals is evaluated by a fitness function. This 
is the function that is necessary to maximize: the fitness function can be considered 
as the living organism. Evaluation of strings corresponds at the act of finding a 
solution of the function: the space, where the solution is searched depends by the 
fitness function itself. 
All the individuals are composed by sub-units called genes: the position and the 
value of the genes determine the individual characteristics and proprieties, through 
encoding particular features: like the DNA makes for the living beings. 
Usual the individuals are strings of bit, and consequently the genes are a number 
that can be 0 or 1; but also strings of real numbers can be performed by the 
algorithm (ref 2.2.1) 
In each generation, the evolution operators modify the population. This is imitation of 
sexual reproduction is realized by the two operators: crossover, formed by merging 
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previous solution, and mutation, by modifying previous solutions. Crossover is a 
stochastic operator that allows exchange of characteristics between chromosomes 
(high probability). Mutation is an operator that flips some characteristics into a 
defined string (low probability). These operators will be examined in the following 
paragraphs. The selection statically screens and reduces, from the population, the 
individuals that have a relatively low fitness. 
That procedure has stopped after a defined number of generations, or when the 
chosen termination ( or convergence) criteria (2.2.5). 
The main parameters that the GA needs for implementation are: 
 J   = population size 
    = crossover rate 
    = mutation rate 
The population size in usually considered between 50 units and 500 units: if the 
population should be too small, the GA will converge to a local minimum (for single 
criteria) or a Pareto minimum (for multi criteria). The concept of single and multi-
criteria will be explained in subsection 2.3. Whether the population should be too 
large, the computational time will be so long. 
The crossover rate is a probability, a number between 0 and 1, and gives the 
percentage of crossover among strings during a single generation: if this should be 
too small, the solution space will be too small, and this reduce the possibilities to find 
a local minimum. Whether it should be too large, algorithm will waste computational 
resources. 
Also the mutation rate is a probability, and gives the percentage of mutation genes 
during a single generation: if this should be too small, many useful genes will never 
come out. Whether it is too large, we will have too many perturbations and the 
algorithm will lose his ability of use its history to improve. 
Another not explicit parameter is important for the run of the GA: this parameter 
determines the initial seed that of population. For different initial population we will 
have really different results.  
The only solution of this problem is repeat the running of the GA several times, for 
different values of the initial seed: through the evaluation of the best, worst and 
medium results, the different choices can be compared. 
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2.2 The structure of the Algorithm  
The figure 2.1 shows a flowchart of the general procedure of a Genetic Algorithm.  
Figure 2.1: Procedure for a Genetic Algorithm [1]. 
 
2.2.1 Chromosome representation 
 
The representation of the chromosome consist into generate a string of binary or real 
numbers, in order to represent the variables of the problem, intended as the variables 
of the fitness function. 
In the binary coding, the encoding of the variables of the problem to binary strings is 
function of the required precision and the length of the variables' domains. The 
necessary number of bits in the string is defined in the formula (2.1): 
110)( 22
1

 nn bql
n
u
n
b
xx     (2.1) 
Where, q is the required precision of variable xn, xn
l and xn
u lower and upper bounds 
of the domain of the generic variable xn, respectively.  
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The reverse process, obtain a variable from the binary string, is explained in the 
formula (2.2): 
)(
)(
2
1 xxxx
l
n
u
nb
nl
nn n
substringdecimal


   (2.2) 
Where decimal (substringn) is the decimal value of substringn  relatively at variable xn. 
The main problem of binary coding is the not guarantee correlation between the 
problem space and the representation space: two points that are close in the problem 
space are not close enough in binary representation. Gray Coding is used for solve 
this problem. Gray coding convert a binary code vector, b = [b1, b2,…., bJ]
T into a 
Grey code vector g = [g1, g2, …, gJ]
T, with the formula (2.3), and the reverse formula 
(2.4): 
g = Ab       (2.3) 
b = A-1g       (2.4) 
Where A and A-1 are the conversion matrices. In this way any two close numbers  are 
different just for one bit: a single increase in the number value corresponds to a 
change of a single bit in the code. 
Another problem of the binary coding is the request of length strings in order to 
represent high precision or large domain: with length strings occur problem of 
efficiency, due to the large representation space. The large number of bit into the 
strings create problem especially with a non-linear fitness function. Instead it’s 
possible to use a real coding. In the real coding each vector is composed by real 
numbers with the same length of the solution vector. In this way is possible to 
represent large domains, with a length more inferior than the binary. 
2.2.2 Selection mechanism 
 
The stage of selection chooses the individuals of the population for a later breeding 
(crossover or recombination). Selection is a method that randomly picks 
chromosomes out of the population, according to their evaluation function. A higher 
value of fitness function means a higher possibility of selection, according to Darwin's 
theory). The offspring will be the next generation, and selection drives the GA to 
improve the population fitness over the successive generations: the degree of the 
favouritism to the selection of the better individuals is called selection pressure. 
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Whether the selection pressure is too high, there is a premature converging to a sub-
optimal solution. If it's too low, the GA needs a long time to find an optimal solution. 
There are two groups of selection methods: proportionate selection and ordinal-
based selection. The first chooses the individuals basing on their relative values of 
fitness function, the second picks up the individuals upon their ranking (ordering) 
within the population. Thus the selection pressure has to be independent of the 
fitness function, but only a dependence of the rank. 
The most common fitness proportionate selection mechanism is the roulette-wheel 
selection. The procedure can be summarized in these steps: 
1. Calculate the fitness value eval (vj) for each chromosome vj 
            eval (vj) = f (x)                    j = 1, 2,…..J were J = population size 
2. Calculate the total fitness for the population: 
 


J
j
jvevalF
1
)(     
3. Calculate the selection probability pk for each chromosome vj: 
        
F
eval v
p
j
j
)(
                      
4. Calculate the cumulative probability qj for each chromosome vj 
          


J
l
lj
pq
1
                     
For the effective selection process: 
1. Set j=1, were j is the number of the string 
2. Generate a random number ρ   [0, 1] 
3. If ρ ≤ q1, select the first chromosome v1; otherwise, select the j-th chromosome 
vj such that qj-1 ≤ ρ ≤ qj, where 2 ≤ j ≤J 
4. Set j = j +1 and if j ≤ J go to step 2; otherwise, terminate the process of 
selection. 
This method is really simple, only with J spins we can create a new population. 
Other relevant mechanisms are: 
 Tournament Selection: population are divided in sub-groups and the best 
of the every subgroup is chosen for build the next generation. 
  Reward-based selection: the probability of being selected is proportional 
to the cumulative reward obtained by the individual: this can be computed 
as a sum of the individual reward and the reward, inherited from parents. 
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 Ranking Selection: all the population receive a rank, the new population is 
created by the best ranking, without taking care the fitness function (linear 
ranking, exponential ranking,...) 
2.2.3 Evolutionary operators 
 
After the selection GA used two kinds of operator: crossover and mutation.  Both are 
involved in the process of reproduction. 
 
Crossover operator 
Crossover is a stochastic operator that allows information exchanges between 
chromosomes. It's the most important genetic operator. A simple crossover can 
select at random in two strings, two cutting points and exchange the substrings 
generated by this process. The figure 2.2 shows a scheme of the crossover. 
 
 
Figure 2.2: Scheme of a crossover single point. 
 
The number of crossover in a generation is function of the crossover rate (  ). 
                          
 
The procedure of the simple crossover is the following: 
1. the algorithm generates random number for every chromosome j:         ; 
2. if        selects the j string for the crossover (minimum two); 
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3. it chooses a random integer                       : this indicates the 
position of the crossing point; 
4.  It keeps the left part of one parent and takes right of the other one, in this way 
two new chromosomes are generated for every couple. 
If the number of chromosomes selected is odd, an extra chromosome can be added, 
or one chromosome can be deleted at random. 
Other relevant crossover methods are: 
 Crossover Two-Points or Three Points: more than one crossing point can 
be generating. 
  Real number representation Arithmetical Crossover: the strings are 
composed by real numbers, the crossover among strings acts like a linear 
combination of vectors. 
 
Mutation operator 
Mutation operator produces spontaneous random changes into the strings, in order 
to introduce extra variability: the aim is to avoid a local minimum. A binary uniform 
mutation can select one or more bits into a chromosome a flip the values of the bits 
themselves. The figure 2.3 shows an example of uniform mutation. 
 
 
Figure 2.3: Scheme of a simple mutation. 
 
The number of crossover in a generation is function of the mutation rate (  ) 
                           
The procedure of the binary uniform mutation is the following: 
1. the algorithm generates random number for every bit   of the population: 
       ; 
2. if       selects the j bit for the mutation: 
3. it chosen bits flip their values         
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Other relevant mutation methods are: 
 Dynamic mutation: the number of changing bits is not a constant number, it 
is        , where    is variable in function of the position of the bit into 
the string and of the current generation. 
 Real number uniform Mutation: the strings are composed by real numbers 
xk, the mutation has a defined range of values for change them: the new  
value is xk’ = xk
l +    * (xk
u-xk
l), where xk
l  is the low boundary limit, xk
u is 
the up boundary limit, and         . 
2.2.4 Other Operators 
 
There are some kinds of other operators that act differently from the genetic. Some 
examples are shown following. 
Niching: it involves the formation of distinct species exploiting different niches 
(resources) in the environment. It can promote cooperative populations that work 
together to solve a problem. Whereas the simple GA is purely competitive, with the 
best individuals quickly taking over the population, niched GAs converge to a 
population of diverse species (niches) that together cover a set of resources or 
rewards [2]. 
Threshold: it is a parameter that must be exceeded or not in order to produce a 
desired or undesirable effect: this can be used, for example, for control the diversity 
of population, which have to be over a threshold limit. 
Reconstruction: two children are produced through the reconstruction. First, one 
subsequence is cut from the rear of one parent, and then the cut subsequence is 
stuck at the front of another parent. Here the length of the cut subsequence is 
randomly selected. Second, another new segment with the same length of the cut 
subsequence is randomly generated and it will be stuck at the rear of the shorter 
parent. Third, the longer parent will be tailored to the predefined individual length L.  
2.2.5 Convergence Criteria 
 
The termination of the iteration of the algorithm is usually defined as the exceeding of 
certain number of generations T. Also the number of evaluation can be used like 
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termination criteria, especially when we have a lot of individuals that pass through 
without changing. These two criteria don't take care about the value of the fitness 
function, and also about the difference of fitness function's values in different 
generations: these criteria are connected only with computing time, and not with the 
accuracy of calculations. For consider this can be used a tolerance of variance of the 
population's best fitness function value for a selected number of generations: the 
genetic process will end if there is no change to the population’s best fitness for a 
specified number of generations. If the maximum number of generation has been 
reached before the specified number of generation with no changes has been 
reached, the process will end before. Instead of the population's best fitness value 
can be used the objective fitness function value. 
 
2.3 Single and Multi Criteria Optimization 
 
In the reality the great part of the problems of optimization doesn't concern only a 
single function, usually is multi-objective optimization problem.  
In the single criteria optimization there is only one object- function (fitness function). 
A nonlinear problem for single criteria optimization can be formulated like as follow: 
Search x*= [x1
*, x2
*, ……xN
*]T that satisfies: 
 the K inequality constraints gk(x) ≥ 0          k = 1,2,….K 
and M equality constraints hm(x) = 0          m = 1,2,….M < N 
 minimize the objective function f(x) 
f(x*) = min f(x) 
The vector will be x = [x1, x2, ….,xN]
T is the vector of decision variables. 
In the single criteria there is only one solution possible to the problem. 
In multi criteria there are objective functions mutually conflicted: improving one of 
these fitness functions means to compromise the others.  
Thus there is not a solution but a set of solution that is called Pareto Optimal set. 
The individuals in the solution are called non-dominated or not inferior. 
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2.3.1 Pareto Solution 
 
The general formulation of a multi criteria optimization can be formulated like as 
follow: 
search x*= [x1
*, x2
*, ……xN
*]T that satisfies: 
 the K inequality constraints gk(x) ≥ 0          k = 1,2,….K 
and M equality constraints hm(x) = 0          m = 1,2,….M < N 
 optimize the vector function f(x) = [f1(x), f2(x),…..,fI(x)]
T where  
The vector will be x = [x1, x2, ….,xN]
T is the vector of decision variables. 
The solution of the problem is a set, or frontier, of Pareto points that is the set of 
choices that are Pareto efficient. The Pareto frontier is particularly effectual in 
engineering: because with the choice among the different set of solution, there is the 
possibility a trade-off among these sets, and at the same time should consider all the 
range of the values. The solution to a multi-objective problem is a frontier of Pareto 
points that should be possible infinite. A design point in objective space x * is termed 
“Pareto optimal” if there does not exist another feasible design objective vector x 
such that xx ii
*
 for all  Ni ,....2,1 , and xx jj
*
 for at least one index of j, 
 Nj ,....,2,1 . That is the dominance criterion. Then the Pareto frontier is the set of 
points from x that are not strictly dominated by another point in x. 
In figure 2.4 there is an example of the Pareto set. 
 
Figure 2.4: Representation of a Pareto frontier. 
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Between two different groups of Pareto solutions the best one is the group with 
minus density of Pareto solution. Meanwhile for find the best Pareto solution into a 
single group, especially when they are a lot, it's necessary a Coefficient Variation 
calculation of the obtained data. 
 
2.4 Qualities and Flaws 
In figure 2.5 is showed a summary of the optimization procedure. 
The qualities of GAs are the following. 
1. Parallelism 
2. Liability 
3. Solution space is wider 
4. The fitness landscape is complex 
5. Easy to discover global optimum 
6. The problem has multi objective function 
7. Only uses function evaluations. 
8. Easily modified for different problems. 
9. Handles noisy functions well. 
10. Handles large, poorly understood search spaces easily 
11. Good for multi-modal problems Returns a suite of solutions. 
12. Very robust to difficulties in the evaluation of the objective function. 
13. They require no knowledge or gradient information about the response surface 
14. Discontinuities present on the response surface have little effect on overall 
optimization performance 
15. They are resistant to becoming trapped in local optima 
16. They perform very well for large-scale optimization problems 
17. Can be employed for a wide variety of optimization problems 
 
The flaws are the following.  
1. The problem of identifying fitness function 
2. Definition of representation for the problem 
3. Premature convergence occurs 
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4. The problem of choosing the various parameters like the size of the population, 
mutation rate, cross over rate, the selection method and its strength. 
5. Cannot use gradients. 
6. Cannot easily incorporate problem specific information 
7. Not good at identifying local optima 
8. No effective terminator. 
9. Not effective for smooth uni-modal functions 
10. Needs to be coupled with a local search technique. 
11. Have trouble finding the exact global optimum 
12. Require large number of response (fitness) function evaluations 
13. Configuration is not straightforward. 
 
Physical 
model 
Fitness 
Functions
GA
Mutation
Population 
size and 
Initial seed
Generations 
number
Cross 
over
Others
(niche,..)
Operators 
selection
GA 
parameters 
selection
Chromosomes 
representation
Variables Constants
Optimized 
Variables
Termination 
criteria
 
 
Figure 2.5: Summary of the GA optimization procedure. 
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3 The Manufacturing Optimization through the GA 
 
3.1 Introduction 
 
The GAs are used for find the maximums or minimums of the functions: this can be 
used for all the process chain optimizations and for the optimization in general.  
After a representation through one or more function of the parameters that are object 
of the optimization, the fitness functions for optimization can be defined. 
In this chapter some example of optimization find in literature are showed. After, the 
case of study will be examined: the process chains, the process models and the GA 
results. 
 
3.2 Use of GA in Manufacturing Optimization 
A genetic algorithm for the design of job rotation schedules considering 
ergonomic and competence criteria [5]. 
A genetic algorithm is used for generate a job rotation schedule in order to prevent 
musculoskeletal disorder (MSD), eliminate boredom and increase job satisfaction. 
Job rotation involves assigning employees to jobs that require different knowledge 
and skill levels: moving different muscle groups, decreases fatigue accumulation and 
consequently the potential for MSDs injuries. The design of efficient rotation 
schedules is a complex problem due to the many criteria: analysis of all these criteria 
will allow the design of operational rotation schedules, with the resulting health 
benefits for workers. Each job demands certain competences at different levels.  
Three kinds of criteria are used: 
 ergonomic criteria; 
 physical skills required; 
 competence criteria. 
All the criteria are in the figure 3.1, and all the values of the criteria for jobs and 
workers are showed in figure 3.2.The GA used is called “Ergonomic and Competent 
Rotation” (ECRot). The individuals are coded using a matrix of size     ×    ,      
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being the number of participating workers (coinciding with the number of jobs in the 
rotation) and      the number of rotations under consideration. 
 
 
 
Figure 3.1: Criteria used for the assignment of the workers to jobs [4]. 
 
 
 
Figure 3.2: Scores of ergonomic and competence criteria for jobs and workers [4]. 
 
 
The ECRot have the following fitness function: 
  ∑ ∑                                  
    
   
    
   
 
Where: 
    ∑    
         
        
   
   ,ergonomic fitness function; 
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    ∑        
   
   , competence fitness function. 
With: 
   
    , score of the ergonomic criteria j of the worker x in rotation r ; 
      , job assigned to the worker x in rotation r ; 
     
     , score of the ergonomic criteria j of job       ; 
   . duration of the rotation r ; 
    , number of the ergonomic criteria; 
    , number of the competence considered; 
        , cost respect to competence j, of the worker x to job  
    , in rotation r; 
                  are constants dependent to     and    . 
The ECRot run with an initial population of 50 individuals and 16 jobs assigned. 
Penalties are inflicted to the individuals that exceed the value     (maximum time a 
worker is allowed to hold the same job post), the individual is penalized by increasing 
his fitness value. Crossover and mutation are applied to the matrixes. 
For every worker and every job are selected the parameters of the criteria: figure 3.3 
and figure 3.4 show the criteria's parameters of ergonomics criteria required for the 
job and owned by the workers. 
 
 
Figure 3.3: Scores of the ergonomic criteria for the job [4]. 
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Figure 3.4: Scores of the ergonomic criteria for the workers [4]. 
 
The value of the target function has a decreasing evolution, this is consequence of 
the elitist strategy employed for prevent disorientation. This advantage is 
counterbalance by the tendency to remain in the in specific zones, for these high 
coefficients of mutation and crossovers are used. 
The figure 3.5 shows the results of the run of the ECRot.  
 
  
Figure 3.5: Results ECRot [4]. 
 
The algorithm gives a suitable tool for the design of job rotation schedules which 
minimize the performance of time-extended and repeated body movements, diversify 
the tasks performed throughout the workday, and maximize worker performance by 
considering their competences for job assignment. In addition, the algorithm takes 
into account the workers’ physical disabilities, either temporary or permanent. 
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FMS scheduling with knowledge based genetic algorithm approach [5]. 
The GA solves a problem of scheduling of a Flexible Manufacturing System (FMS): 
this concern the definition of the resources and activity for maximizes the profitability, 
flexibility, productivity, and performance of a production system. 
The FMS consists of three machine families (F1, F2, and F3), three load/unload 
stations (L1, L2, and L3), three automatic guided vehicles (A1, A2, A3): eleven 
different parts type are produced. Two performance measures are used: the 
throughput (TP) is the number of completed jobs during the scheduling period, the 
mean flow time (MF) is the flow times of jobs during the scheduling period. Due of 
this, the fitness function are: 
       ∑      
 
    
        
∑        
    
 
Where: 
  , the number of part types; 
   , flow time of ith part types         ; 
    , arrival time of ith part types 
   , completion time of ith part types 
      , number of finished part of ith part types  
Also constraints have to be respected. 
A segregated genetic algorithm (SGA) is used for solve the problem.  
A Knowledge Management system is integrated: Knowledge management(KM) 
provides processes to capture a part of tactic knowledge through informal methods 
and pointers and fairly high percentage of explicit knowledge, reducing the loss of 
organizational knowledge (Nonaka & Takeuchi, 1995).  
A framework of knowledge management is showed in figure 3.6: the conversion of 
the information to knowledge passes through various processes as verification, 
acquiring the filtered information, classification and creation of the knowledge from 
this information. After, the knowledge has to be distributed to the knowledge users. 
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Figure 3.6: Scores An integrated framework of knowledge management [5]. 
 
The integration of knowledge interacts directly with the GA: a knowledge based 
genetic algorithm (KBGA). 
The knowledge is used not only for increase the performances of the system like a 
traditional genetic algorithm, also the performances of the algorithm are improved: 
the faster algorithm is developed by the use of the knowledge based initialization, 
knowledge based crossover, knowledge based mutation, and knowledge based 
selection. 
 The knowledge initialization provides the initial population for the algorithm. 
Input information about the system environment like, machines, part, operation 
has been collected , after the performance measures have been decided, 
consequently the appropriate traditional scheduling rules has been selected 
and with this the seed of the initial population is created. 
 The knowledge based selection is composed of three categories:  
o directional selection, based on the mean value of the population; 
o steady selection, based on normalizing, eliminates the chromosomes 
with excessive values; 
o unruly selection, eliminates the chromosomes according to the 
moderate values. 
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 The knowledge based crossover has the characteristics, performances and 
probability dependent on the knowledge base system: if any parent reproduce 
an unfeasible solution that is checked and eventually discarded. In figure 3.7 
is showed a representation of this kind of crossover. 
 
 
Figure 3.7: Knowledge based crossover [5]. 
 
 The knowledge based mutation used the knowledge base store for store the 
performances of the various mutation operators. Also the mutation probability 
is chosen according to the knowledge. 
The flow chart of the KBGA is showed in figure 3.8. 
One of the main aim is also minimize the number of generations: a less utilization of 
CPU time through a large combinatorial problem within a few number of generations. 
To evaluate the solutions' quality, the KBGA uses two performance measures: 
throughput (TP) and mean flow time (MF).  
Maximization of throughput and minimization of the flow time are the aim of the 
algorithm: this means that is employed the maximum use of the resources within 
minimum time. The proposed KBGA maximizes the throughput with 5265.83units and 
minimizes the mean flow time with 1025.6 units.  
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Figure 3.8: Flowchart of KBGA [5]. 
 
 
A comparison study between simple GA and KBGA is showed in figure 3.9: in the 
table is showed the comparative results of the fitness functions' values and their 
standard deviations of KGBA, SGA and other scheduling strategies. 
In the graphics are showed different characteristics that are evaluated for the number 
of generations: in the two graphics on the top are showed the convergence rates for 
KBGA and SGA (on the left), and the convergence of KBGA for different crossover 
probabilities, both for the TP performance criteria. 
In the two graphics on the bottom are showed the same comparisons but for the MF 
performance criteria. 
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Figure 3.9: Results of KBGA and comparison with SGA [5]. 
 
The parameters of the GA vary with the environment, operating conditions and 
problem constraints. For this reason the algorithm is tested with a set of different 
crossover probabilities for both the performance measures. 
 
 
Other examples of use GA's use in process planning 
In this subsection for shortness are described other use of GA in other literature 
cases. Only the more relevant characteristics and main features are included. 
 
A modified Pareto genetic algorithm for multi-objective build-to-order supply chain 
planning with product assembly [6]. 
A modified Pareto genetic algorithm (mPaGA) solves a problem of optimization of a 
build-to-order supply chain (BOSC). The BOSC includes supplier selection, product 
assembly and logistic distribution system that are integrated in this model. 
The mPaGA uses three fitness functions: 
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 cost, including order cost, purchase cost and transport cost; 
 delivery, maximum time of purchased parts transported to customer; 
 quality, the yield/throughput in the production system of supplier. 
The constraints regard the equilibrium of supply and demand, the limit of production 
capacity and the flow equilibrium. 
The variables are encode in strings like in the figure 3.10 
 
 
Figure 3.10:The mPaGA chromosomes structure [6]. 
  
A niching operator is used before the reproduction process. After the crossover and 
the two stage mutation is used a equilibrium mechanism and a feasibility-adjustment 
mechanism that maintain the feasibility for each individual. In figure 3.12 is showed 
an example of distribution planning for the supply chain that is a solution of the 
optimization problem, obtained by the genetic algorithm. The distribution of different 
Pareto solutions is compared with a traditional Pareto Genetic Algorithm (tPaGA).  
 
 
Figure 3.11: Coefficient variations of mPaGA and tPaGA [6]. 
In order to evaluate the best Pareto solution are compared different solution for both 
the genetic algorithms: the data obtained for Coefficients Variation are showed in 
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figure 3.11. In solving Pareto optimal solution the mPaGA has a smaller variation 
than tPaGA. 
 
 
Figure 3.12: Distribution planning for the supply chain [6]. 
 
Modified genetic algorithms for manufacturing process planning in multiple parts 
manufacturing lines [7]. 
In this case the GA is used for decide a manufacturing process planning for a 
reconfigurable multiple parts manufacturing lines (MPMLs).  
The representation scheme is a integer-base code: each string is composed of x 
segments, each segment represent a different combination of processing types 
available for the complete manufacture of a part. This means that if the production 
scenario is composed of a total of    parts, then the process planning solution will 
contain    strings, each string specifying the required processes for the manufacture 
of a particular part in the production scenario. In this application, the position of the 
gene location within the chromosome structure represents a processing identity (ID) 
composed of a specific stage, N, at which processing takes place by the selected 
processing machine, w: this is illustrated in figure 3.13. 
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Figure 3.13: Decoding the combination and permutation states of the process route for part i [7]. 
 
The decision value is specified in the third row. The experimental population of the 
GA contain a number of NC chromosomes really major than  . A Cyclic crossover 
operation operates for each of the NC chromosomes in the population, the idea is to 
randomly select a chromosome. For each of the    genes in a chromosome the idea 
is to randomly create a string for the ith part and then randomly exchange genes in 
the initial population. So the crossover operation changes the order between process 
machines in a string solution, without any violation of the constraints. The mutation 
changes randomly the bit in a string, also without violation of the constraints. A 
threshold operator imposes a limit for control the population diversity and prevents 
the premature convergence. 
The necessary specific knowledge for generating manufacturing process plants 
includes: number of part families, part types and number of part types for each family 
to be processed, processes to be uses inclusive of alternatives, type of the 
machines, initial manufacturing configuration. In figure 3.14 is showed the flowchart 
of the GA. 
The representing product information is: 
 part array; 
 production volume array; 
 production cost array. 
Representing manufacturing system information are: 
 process machine; 
 part similarity coefficient; 
 processing machine similarity coefficient matrix. 
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Figure 3.14: A flow chart of the implemented modified genetic algorithm [7]. 
 
The two fitness functions regard: 
 processing precedence relationships;  
 manufacturing capabilities limits. 
In the figure 3.15 is showed a solution of the manufacturing process plan problem 
obtained by the algorithm. 
 
A combined machine learning and genetic algorithm approach to controller design[8]. 
The study consists into a combination of machine learning and a GA optimization in 
learning to control a physical model of crane. Human control skills establish the 
control rules, and this knowledge is used by machine learning and then the GA 
improves the control performance with respect to the chosen criteria.  
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Figure 3.15: One of the optimal manufacturing process plan for the modified genetic algorithm [7]. 
 
For first, a GA is employed to learn control rules encoded as decision tables, without 
using prior knowledge about the controlled system. After, the learned rules are 
automatically transformed into symbolic machine learning. Finally, a GA is applied 
again, to optimize the numerical parameters of the induced rules. A flowchart of the 
logic applied is showed in figure 3. 
 
 
Figure 3.16: An overview of the proposed control-synthesis approach [8]. 
 
For first, a GA is employed to learn control rules encoded as decision tables, without 
using prior knowledge about the controlled system. After the learned rules are 
automatically transformed into a symbolic machine learning. Finally, a GA is applied 
again, to optimize the numerical parameters of the induced rules. A flowchart of the 
logic applied is showed in figure 3.16. In crane control accurate positioning and 
appropriate swing control result have to be executed in the shortest time possible, 
taking into account the safety controls. The crane operates by control actions that 
are: 
 LEFT-move the trolley to the left; 
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 RIGHT-move the trolley to the right; 
 UP-move the load upwards; 
 DOWN-move the load downwards; 
 STOP-stop current movement. 
The task that have to be considered are: increasing swinging from zero to a specific 
amplitude, damping swinging under a specific amplitude. In figure 3.17 is 
represented the decision tree from manual swing control. The parameters of the 
control tasks are:  
 time period (         ) 
 amplitude of load swinging (          
 amplitude below the load swinging sets in swing-damping phase (         
The control rules are dived in: State that denotes an attribute-valued vector 
consisting of the rope inclination   and the related angular velocity  ̇ ;and  Action 
that is a user response to the current State, and represents a "class value'' for the 
learning program. Numerical values -1, 0 and 1 were used to denote classes LEFT, 
STOP and RIGHT, respectively.  
 
Figure 3.17: Decision trees induced from traces of manual swing control [8]. 
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The representation for the GA is an array of five components: the first two 
components represent thresholds for  ̇ and   in the swing-increasing rule, the 
remaining three components represented thresholds in the swing-damping rule, one 
for  ̇ and two for  . The range of searching for the  ̇ thresholds was from  ̇ 50°/s to 
50°/s, and for   from 10° to 10°. 
For the fitness function is needed to define: 
 crash: true, if the load hit the crane construction or the trolley hit the end of the 
track, otherwise is false 
 time needed to carry out the experiment,      (less than     ) 
 number of the subtask that was under execution or finished at time      (1 for 
swing increasing, 2 for swing damping) 
 amplitude of load swinging at time     ,     . 
The fitness function that must to be maximize by the GA is showed in figure 3.18. 
 
 
Figure 3.18: Fitness function for the genetic algorithm of the crane controller [8]. 
 
The results of the optimization are showed directly in the decision tree for swing 
control in figure 3.19. 
 
Optimization of short-time gasoline blending scheduling problem with a DNA based 
hybrid genetic algorithm [9]. 
In this work a hybrid GA is used for an optimization of a gasoline blending process: 
the DNA based hybrid GA (DNA-HGA) is used to find a feasible region for a more 
accurate solution for running a Sequence Quadratic Programming (SQP) method 
searching.  
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Figure 3.19: Optimized decision trees for swing control [8]. 
 
The DNA-HGA uses a DNA encoding method: genes like nucleotide bases are used, 
so there are adenine (A), guanine (G), cytosine (C), and thymine (T), to represent the 
potential solutions of the optimization problem. They respond to the Watson–Crick 
complementary principle: A bonds with T, and G bonds with C. Integers 0, 1, 2, and 3 
are adopted to encode the nucleotide bases, so the mapping from nucleotide bases 
to the digital integer is 0123/CGAT. Every variable is represented as an integer string 
of length l, one individual is L = n×l, where n is the number of the variable. 
The genetic operators used are crossover, reconstruction (the figure 3.20 shows the 
reconstruction procedure for the DNA encoding chromosomes) and the mutation 
(three kinds of mutation: inverse-anticodon, maximum-minimum, normal). 
In figure 3.21 is showed the gasoline blending system that have to be optimized: two 
kind of products are produced in the line, the regular gasoline and the premium. 
The fitness function that optimize the blending scheduling maximize the profitability of 
the products while satisfying the product quality and operating constraints. As 
operation restriction constraints are expressed by linear function, as  specification of 
the product nonlinear constraints are given. 
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Figure 3.20: Procedure of the reconstruct operation [9]. 
 
Three cases are taking in consideration: recipes for one-day gasoline blending 
scheduling, recipes for three-day gasoline blending scheduling, recipes for one-day 
gasoline blending scheduling with uncertainly parameters.  
 
 
Figure 3.21: Illustration of gasoline blending system [9]. 
 
In all the cases the cases the DNA-HGA gives better results than the normal GA, in 
the figure 3.22 is showed the results of the optimization for the profit and the quality. 
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After the GA an SQP method is used for alleviate the weak local search capability 
and increase the efficiency. 
 
 
Figure 3.22: Quality and profit of products optimized with the DNA-HGA [9]. 
 
3.3 Forging process and forging die manufacturing 
In this chapter is analyzed the case of study described in the article "Integrative 
process chain optimization using a Genetic Algorithm" [1]. 
For first an overview about the two process chains: one for the component and 
another for the forging tool. The process models are showed as well as the use of the 
model for design the fitness functions. After the GA setting and the obtained results 
are displayed. 
 
3.3.1 Process chain planning 
 
A fundamental step where are analyzed the dependencies existent between the 
processes and also the process chains, concerning their importance for the defined 
target criteria.  
The figure 3.23 represents a model of the forging process that shows the 
dependency between the processes of a same chain and between the processes of 
different chains. The forging die design and the forging manufacturing are optimizes 
simultaneously: the first one produces the die components for forging process that 
are used in the other chain for production of sleeves. 
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Figure 3.23: Process chain model for forging processes [1]. 
 
Three kinds of dependencies are considered: 
 Within-process dependencies between the target criteria and the process 
parameters within one process, 
 Process-process dependencies between two or more processes within one 
process chain, 
 Global dependencies between the two process chains. 
The first process chain acts the design and the manufacturing of the forging die, that 
consist in nine single components (figure 3.24) .  
These components comprise a simple upper and lower die: in the main step of the 
forging process the upper die reflects a part of the model and the lower die ejects the 
manufactured part. The final step is a calibration of the workpiece. 
The related die machining processes start with a roughing of the forging die, 
composed of an inner and outer turning. Another step of flat grinding is used in 
dependence of the manufactured piece. In order to set the hardness the die 
components are tempered in a vacuum furnace. In dependence to the requirements 
of the roughness the component is finally ground. 
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The process chain of the workpiece starts with the separation of the blank from the 
stock. This step is followed by an induction heating process for bring the piece to the 
forging temperature. 
 
 
Figure 3.24: Sequence of the forging steps [1]. 
 
The third step is consequently a precision forging process with using a forging 
eccentric press. The following step is a cooling process where the temperature of the 
workpiece is bringing down to the ambient temperature by air cooling: into this project 
also the hardness of the piece is adjusted. The process chain ends with a turning 
process for inner and outer contours. For the optimization we have to consider the 
existent interdependencies 
Therefore the dependencies, the influencing factors and the single target criteria 
have to be related with the single process. In figure 3.25 is showed a representation 
of the two process chains and an analysis of the process chains' parameters. 
The chosen parameters that have to be respected, due to the large number of the 
dependencies and the optimization target are: 
 forging die hardness,     ; 
 workpiece temperature,    . 
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Figure 3.25: Holistic dependency analysis of the processes and process chains [1]. 
 
The first represent a global dependency, the second one a process dependency. 
There are other two dependencies that are influenced by these two main parameters 
directly: 
 workpiece hardness,    ; 
 workpiece allowance     
 
The target criteria that have to be pursued are: 
 production costs: the consumed energy, the tool wear and the tool-change 
cost  have to be optimized, the costs like the maintenance costs of the 
machines, or their allocation costs don't influence directly the process 
parameters and are assumed constants; 
 production time: only the primary process time is considering; 
 workpiece quality: assumed like the hardness of the workpiece. 
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3.3.2 Process chain modeling 
 
The chain modeling represents mathematically the process and the process 
dependency using analytical and empirical process models. 
The temperature of the piece     represents an important parameter in process-
process dependency because it influences: 
 abrasion of the forging die; 
 macro geometry of the piece with the thermal expansion; 
 cooling time then the hardness of the workpiece; 
 energy consumption in the heating process itself. 
The temperature     varies in range of temperature between 930°C and 1230°C.  
In the equation (3.1) is showed its influence on the flow stress  . 
           
            ̇
   
       (3.1) 
Where          and   are thermodynamic factors,     the initial yield strength and 
 ̇ the deformation rate. The necessary forging force assumes the form in the 
expression (3.2). 
         
          
  
 
       (3.2) 
Where     represents the projection area of the workpiece, the coefficient      is the 
degree of deformation from the mean final height plastic strain and    is the 
deformation efficiency. The resulting abrasion at the cone end of the forging die is 
showed in the equation (3.3). 
       
        
   
 (
     
        
)
   
 
        
   
    
 
       (3.3) 
Where    is the dimension of the workpiece before the forging process and    the 
dimension after. 
The hardness of the forging die is a global dependency example, because it directly 
depends on the treatment temperature    .   
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The empirical formula (3.4) based on the curve-fitting of the graphic showed in the 
figure 3.26 connect these two parameters. 
                   
                         
       (3.4) 
 
 
Figure 3.26: Relation of annealing temperature and hardness [1]. 
 
The temperature     influence on the diameter of the workpiece (macro geometer) 
during the shrinkage is showed in the equation (3.5). 
                   (      )  
       (3.5) 
Where   is the thermal expansion coefficient and             the nominal diameter of 
the workpiece. 
The total allowance    is calculated by the tolerance of the diameter  , effect of the 
thermal shrinkage, and the abrasion of the forging die     , as expressed in the 
(3.6). 
            
       (3.6) 
The hardness of the workpiece     is a process-process dependency is also a target 
criteria. The impact on the tool abrasion in the finishing process is ignored because 
the tool is much harder than then piece, so the hardness is only a target criterion. 
The hardness is set during the cooling phase. 
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The empiric equation (3.7) obtains the hardness for the required setting condition: 
used material C60 and cooling medium ambient air. 
                     
       (3.7) 
The required cooling time is provided by the equation (3.8). 
                (      )    
 (           ) 
       (3.8) 
The macro geometry of the workpiece described by its allowance    influences the 
time of the last process of fine machining and consequently  the tool cost due to the 
tool wear. The production time is obtained by the equation (3.9). 
                
    
   
  
   
  
    
 
       (3.9) 
Where,   is the feed rate of the machine,    is the cutting depth,    the cutting speed, 
    the length of the workpiece. 
 
3.3.3 Process chain optimization 
 
In this phase the mathematical model and the target criteria set in the plain modeling 
have to be used for the optimization. The preference of the planner now have to be 
described mathematically: so the preference functions are used.  
The preference functions allow normalization and a prioritization of the achieved 
results of the single fitness function. Two kinds of preference functions can generally 
be used:  
1. weighting function with an optimum zone (optimum tolerance); 
2. minimum (maximum) weighting function. 
 After the fitness function for the GA are composed. 
In a multi-criteria optimization one single solution represents one of the Pareto-
efficient solution on the boundary space: this means a set of choice that can be 
equally selected. 
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Therefore the planner can restrict the concentration on this kind of solution and make 
a tradeoff selection, instead consider the total range of the parameters.  
The process parameter selection for the running of the GA is really important for the 
optimization process because the setting determines the quality of the solution. 
Finally the optimization results obtained by the runs of the GA will be presented. 
 
3.3.3.1 Design of the Fitness Functions 
 
The preference functions for the target criteria are assumed on these based: 
 production cost is between 20 and 30 € per workpiece; 
 production time is between 45 and 60 min per workpiece. 
The hardness of the workpiece have to respect the range requested by the customer: 
between 180-230 HV, described into an optimal value of 200 HV. 
These range consider all the process models and process parameters for both the 
chains. The figure 3.27 shows the preference functions in graphical way. 
 
 
Figure 3.27: Preference functions for the target criteria [1]. 
 
Based on the preference functions, the fitness functions are defined to evaluate the 
fitness value of every target criteria in range between 1 and 1000. 
Three Fitness Functions for the three target criteria are modeled: 
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1.    : production cost function; 
2.    : production time function; 
3.    : quality fitness function, that evaluate the parameter      
The equations of the functions are respectively the (3.10), (3.11), (3.12). 
         ∑                     
 
 
   
 
       (3.10) 
Where            represent the productions costs for the n processes of both process 
chains. 
         ∑                     
 
 
   
 
       (3.11) 
Where            represent the productions costs for the n processes of both process 
chains. 
      
 (
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       (3.12) 
This is modeled by a second-degree Gaussian distribution function and the 
coefficients                                                          
The vector in the equation (3.13) is minimized by the changing of the process 
variable selected by the GA. 
     ⃗⃗⃗⃗  ⃗        [
   
   
   
] 
       (3.13) 
Some constraints have to be respected: the main variables have to be included in 
definite ranges. 
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3.3.3.2 GA - setup 
 
The GA from the         Global Optimization Toolbox is parameterized. The 
structure of GA will be described in the chapter 5. 
The GA options customized are: 
 Codification: Real.  
 Population Size: 50. Elite count: 2.  
 Generations: 300. 
 Stopping criterion: Change of fitness values <     . 
 Stall generation limit: 10 
 Selection-function: Tournament 
 Crossover-function: Arithmetic 
 Crossover-fraction: 0.2 
 
3.3.3.3 Optimization results 
 
The stopping criterion terminates the optimization after 198 generations because the 
gradient of the fitness values is smaller than     . 
In the figure 3.28 shows the progress of the best and the average fitness values for 
each generation and target criteria. 
 
 
Figure 3.28: Optimization results for different target criteria[1]. 
 
In the figure 3.28c is showed that the fitness value of the target production cost has 
the most important improvement in the first 15 generations after only slightly.   
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The mean fitness value follows this trend. The production time fitness value, in figure 
3.28a follows the same tendency for the mean value and the best value.  
The best quality fitness value, in figure 3.28b doesn’t change the trend after the 10th 
generation: the mean quality fitness value has a great dispersion. The reason is 
directly related with the correspondent formula (3.12). The hardness only depends on 
the workpiece temperature before the cooling, with the consideration that in the last 
operation of finishing the correct use of the lubricants don't increase the temperature 
of the workpiece over 300°C. 
In the figure 3.29 can be visualized the 35 Pareto-efficient results. 
 
 
Figure 3.29: Fitness values for best Pareto-efficient results [1]. 
 
The possible range for the forging die hardness      defined by the Pareto solutions 
is between 49 and 52 HRC, and, as is showed in figure 3.30, the predominant 
solution is 52 HRC. This means that a low forging die hardness leads to a strong 
abrasion with the consequently augmentation of production costs and time. On the 
other hand there is an augmentation of the cost and time due to the longer tempering 
and finishing process, for obtain an high hardness as 52 HRC. The positive effect of 
an hard forging die are greater than the negatives on the target criteria. The possible 
workpiece temperature     belongs to a range between 990°C and 1080°C as 
showed in figure 3.29: the predominant value, as showed in figure 3.30, is 1080°C. A 
high temperature grows the energy consumption, but with low temperature the 
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forging force           and abrasion       grow up. The positive effects are more than 
the negative also in this case. 
 
Figure 3.30: Distribution of the Pareto-efficient parameters [1]. 
 
3.4 Analysis of the different GA application 
In the table 3.1 is showed an overview analysis of the GA applications. 
Where the criteria for the evaluation are:  
 Pareto Optimization means the use of a multi criteria optimization method and 
consequently Pareto-efficient solutions. 
  Customization of the GA operators means a modification of the usual 
crossover and mutation operator or a use of other kind of operators (as niche, 
threshold,...) 
 Direct control of the solution means the use of another program or method for 
the direct validation of the results of the GA optimization 
 Systematic use of the planner knowledge means the implementation in the 
GA, in the fitness functions or generally in the procedure of the experience 
and the rationality of the planner, in a functional and profitable way, influencing 
the execution and the results even is necessary. 
 Improve of the algorithm in use means that the aim is not only the optimization 
of the production but also the optimization of the GA, searching the way for 
making better the algorithm during the process optimization (i.e. searching for 
the fastest GA) 
 Confrontation of the results with other algorithm means that the results are 
compared with the results of a different GA or another kind of optimization 
algorithm, for show the qualities and the flaws of the GA in use. 
  
57 
 
 Contemporary use of other optimization methods means the cooperation of 
the GA with another optimization method, that it uses the results of the GA or 
procures to its the initial population. 
 Personnel influence on the system means that in the algorithm is taken in 
consideration the operators' system and each changing into the operators' 
system, like parameters in fitness function or another influence on the results. 
 Personnel selection by the competence means that the GA makes the 
organization in the working stations of the personnel through the personnel 
skills and the competence required for the job.  
 Optimization considering personnel influence means that not also the 
personnel organization is optimized, but also the process optimization takes in 
consideration the influence of the personnel; it's like if  the last two points are 
developed together.  
Table 3.1: Analysis of the different GA applications. 
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x 
Customization of the GA operators 
   
x x x 
  
Direct control of the solution  
 
x 
  
x 
 
x 
 
Systematic use of planner knowledge  
  
x x 
  
x 
 
Improve of the algorithm in use  
    
x 
   
Confrontation with other algorithm 
   
x x x 
 
x 
Contemporary use of other methods 
       
x 
Personnel influence on the system 
  
x 
     
Personnel selection by the competence 
  
x 
     
Optimization by personnel influence 
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4 Competence-based Criteria for the Working Personnel 
4.1 Introduction 
In this chapter, the first paragraph is focused on the definition of competence and the 
competences’ attribution to the working personnel. After is discussed the used 
method for competences assignation to the personnel and the designation of the 
required competences for the job: the discussion covers also the system of 
assignation of a worker to the job. The main paragraph is focused on the developed 
KOP (Koeffizient Of Personnel) formula that expresses the influence of the personnel 
on the process times and costs by the personnel skills and the needed competences 
on the job. This formula will be also used by the algorithm optimization for the 
selection of the personnel. The contemporary selection of the personnel and of the 
parameters influenced by the workers' performance will be the principal aim of the 
whole work. 
 
4.2 Competence of the Working Personnel. 
 
The definition of competence is really difficult to give in an absolute way: the reason 
is that this concept assumes different meanings and emphases depending on the 
contest.  
The effectiveness with which a person acting interacts with its environment, as 
interpreted his competence. Including, fitness, capacity, efficiency, skill and dexterity 
are understood to arise guided not by chance but by deliberate action and directed 
[10]. 
Another definition of competence defines it as construct is a combination of 
knowledge on the one side and experience and capabilities to apply and use this 
knowledge on the other. In industrial companies, the measuring and evaluating of 
competences is a decisive criterion for the long-term success of competence 
management [11]. 
Product development involves numerous knowledge intensive tasks and thus, the 
need for highly skilled personnel. It is for this reason that the management of staff 
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competences is increasingly gaining in importance. However, a broad and systematic 
development and exploration of given individual competences for product and 
process innovation processes is still an exception in industry [12]. 
The foremost objective of this approach is to record a company’s available 
competences in form of task-based experience and abilities of the staff. The 
information can then be used for various tasks such as process-oriented staff 
planning and placement, human resources development, or identification of contact 
persons. The basis for the process-oriented human resources planning is to model 
the product development process in a way that takes the cognitive aspects of 
competences as well as those related to product development into consideration. In 
this process model the requirements pertaining to the staff’s competences are 
defined in relation to task needs. For the short-term planning of human resources, 
the demand for competences to carry out a process is deduced from the 
characteristics of a task. By comparing need and supply both in the short- and 
medium-term human resources planning and staff development can be supported by 
a suitable task assignment ("learning by doing") The determination of the 
requirements for competences to be provided by the staff is based on a process 
model. The specific project plan contains the quantitative and qualitative 
requirements for competences. The identification of competence requirements is 
principally executed during the planning phase of product development [13]. 
This competence approach differentiates between competences in terms of 
declarative knowledge and in terms of procedural (methodical) knowledge on the one 
hand and on the other social and individual competences derived 
from activities:  
 declarative and procedural competences describe know-how, abilities, and 
capabilities of a person in relation to his work field and task; 
 social competences are abilities and capabilities that are important in 
communication and cooperation processes. Individual competences govern 
contextual behaviors [14]. 
 Another subdivision is necessary for identify in a more specific way the skills of the 
workers and the needed competences for the job: 
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 expertise: a combination of technical, job's related knowledge (rules, terms, 
definitions) and skills that the employee has been acquired at the time of 
observation, and the ability to apply insights gained in action contexts can. 
 methodological skills: a certain procedure can be structured situation across 
are detected problems and problem situations, analyzed and eliminated by 
situation-specific problem-solving strategies; it is different working techniques 
and procedures apply relevant and appropriate to the situation. 
 self-competence: also noted as a personal or individual competence: 
motivation, recognizing and assessing their strengths and weaknesses, as 
well as criticism and willingness to accept a proposal will be counted; in this 
area is intended particularly for the human personality in relation with the 
technical work. 
 social skills: the handling and the action with the worker's fellows and 
colleagues, as well as understanding, tolerance and acceptance of 
interpersonal contacts in this context are the major pillars of this area. 
In figure 4.1 is showed a visualization of the competences'' classification. 
 
 
Figure 4.1: Competences' classification and sub-classification. 
 
The four areas are important for the numerical evaluation of the competence: the 
division of the knowledge in parts makes easier the numerical evaluation of them. 
Competence 
Declarative and 
Procedural 
Expertise 
Methodological 
Self-Competence 
Social 
Communicational 
and 
Cooperational 
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The evaluation of the worker skills and of the needed competences like numbers and 
the use of them like a parameter of the optimization is fundamental in the definition of 
a systematic method: the influence of the personnel in the process models and the 
selection of the personnel for the job will be a  
 
4.2.1 Knowledge capturing 
 
In process planning, a proper methodology for capturing knowledge is essential for 
constructing a knowledge base that can be maintained and shared. 
The requirements of knowledge base, as is showed in figure 4.2, are: 
1. transparency, for user acceptance 
2. knowledge sharing, for consistency  
3. adaptation to change, for maintenance. 
As showed in figure 4.2(a) the rules can be like a black box and nobody knows what 
happening inside. A more desirable model, as in figure 4.2(b): the required rules can  
 
 
Figure 4.2: Requirements of a knowledge base [15]. 
 
be identified from a framework, and users can replace rules to control the process 
planning framework [15]. 
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Here can be used the three-phase modeling methodology to derive the types of 
knowledge elements for process planning. The mapping between the three models 
(object model, functional model and dynamic model) and the knowledge elements in 
the knowledge base are shown in figure 4.3. First, the object model matches the 
facts, and covers all data objects in process planning, such as product data (design 
features), available machining operations and cutting tools. The definition of the 
functional model, which corresponds to technological constraints in process planning, 
is based on the object model (facts).  
 
 
Figure 4.3: Knowledge elements in the knowledge base [15]. 
 
The dynamic model imitates the intelligence of a domain expert. The solution space 
of process planning is too extensive for searching in an exhaustive manner, which is 
why the imitation of intelligence is necessary. The logical procedure for decreasing 
the solution space without losing reasonably good solutions involves the intelligence 
is called a way of thinking which is represented as a state diagram consisting of 
nodes and arcs, where nodes mean states and arcs correspond to state transitions. 
To control the local procedure (way of thinking) can be imposed some rules (state 
transitions). That means that can be identify the required rules from the structure of a 
way of thinking. Four types of knowledge elements, as depicted in figure 4.3, are 
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identified: facts, technological constraints, way of thinking and rules, as depicted in 
figure 4.3 [15]. 
In the literature, there are a variety of tools to identify and assess these skills, which 
are carried out on four different levels of analysis. In this case, they are dived in 
levels of the individual, the group, the organization and the network. 
In the first level, the focus is on the individual and their individual skills, such as the 
qualifications or the situation-independent action. As competence measuring 
instruments, among other skills questionnaires, self-concept of professional 
competence (SBK) or intellectual capital are used. 
 Competence Questionnaire: Staff reviewed the methodological skills in the 
form of a questionnaire 
 Self-concepts of professional competence: Students self-assessment lead by 
reference to your technical, methodological and social skills 
 Intellectual Capital: Skills management approach, are accounted for in the 
existing and necessary technical and methodological skills of production staff 
on learning time accounts. Learning time is defined as a measure of relevant 
knowledge. 
At the group level, the concentration is more on integration bound for action and 
common skills as a group. Instrument for determining these reference points may be, 
for example: 
 Process Analysis (IPA): study of social behavior in the group when editing a 
task set. Outside observers assess verbal and nonverbal influence (12 
categories) 
 The River and Stairs Diagram: method by means of which individual 
departments can be evaluated in terms of company-specific skills. Expertise 
and learning needs can be derived for the respective areas. 
For the level of organization are particularly intangible resources, such as knowledge 
capital, and cross-linking the existing skills of critical importance. Asked in 
conjunction with the fourth level, the networks, where cooperation and the specific 
skills of networking (build manage /) are, here are often related instruments used. 
 Knowledge Assets: allows capturing knowledge processes and knowledge-
based assets. 
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 Knowledge Audit: To identify the current level of knowledge and needs to 
answer one employee business-related questions. 
 The Knowledge Network Indicator: Online questionnaire to employees to 
represent the exchange of knowledge. Areas such as management, 
knowledge processes and incentive systems should be considered. 
 
4.3 Developed Competences Assignation Method 
4.3.1 Personnel Skills 
 
In this work the competences' allocation to the worker is oriented on the process 
required competences. 
The personnel skills are assigned for each job by the planner: there is a different set 
of competences for every worker.   
Every competence has a value between 1 (very insufficient competence) and 10 
(optimal competence). 
This numerical way to evaluate the competence is easier and more direct than a 
judgment in words. With a judgment would also be more difficult to compare the 
evaluations of the personnel among themselves and with the needed competences, 
for assign correctly and efficiently the worker to the job. 
The competences of the personnel are divided into two macro-categories: 
 Fach -und Methodenkompetenzen: professional and methodical 
competences. 
 Selbst-  und Sozialkompetenzen: self and social competences. 
The first one include all the technical and specific competences about the job. In 
particular the competences that regard all the fields of the technological process of 
production are taking in consideration: for adapting the competences model with the 
use in the mechanical industry, that is the field of action of this work.  
The Fach -und Methodenkompetenzen competence are: 
 NC-Kenntnisse: NC (numerical control) knowledge. 
 Bedienkenntnisse: operative knowledge, of the machine. 
 Prozesskenntnisse: knowledge about the processes. 
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 Werkezeugkenntnisse: knowledge about the tools. 
 Materialkenntnisse: knowledge about the materials. 
 Produktkenntnisse : knowledge about the products. 
 Qualitaetskenntnisse: knowledge about the quality. 
 Organisationskenntnisse: knowledge about the organization. 
 
 
Figure 4.4: Technical skills of the worker. 
 
In figure 4.4 is showed a summary of the technical skills of the worker. 
The social and self-competences of the worker are the skills that belong to the 
individual himself and to his ability to manage himself and his relations with the 
others. They include also the physical competence of the worker. 
The Selbst-  und Sozialkompetenzen are: 
 Motivationsfähigkeit: motivational skills. 
 Selbstmanagement: self-management. 
 Zeitmanagment: time-management. 
 physische Verfassung: physical condition. 
Technical 
Knowledge 
Material 
Tools 
Processes 
Numeric 
Control 
Products 
Quality 
Organization 
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 Geschick im Sinne der Arbeitsaufgabe: skill within the meaning of the work 
task. 
 Lernbereitschaft: willingness to learn. 
 Lernfähigkeit: ability to learn. 
 Lehrbereitschaft: readiness to teaching. 
 Lehrfähigkeit: teaching ability. 
 Teamfähigkeit: team working ability. 
 
 
Figure 4.5: Individual skills of the worker. 
 
In figure 4.4 is showed a representation of the individual skills of the worker. 
All the workers are associated to a vector with all the competences' values: in table 
4.1 is showed an example of the personnel matrix for three workers. 
 
 
 
 
 
Individual 
Competence 
Motivation 
Physical 
Self-
managment 
Learning 
Teaching 
Social 
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Table 4.1: Example of workers' skills. 
 
4.3.2 The Needed Competence 
 
The competences for the job are not the same of the personnel skills: all the Fach -
und Methodenkompetenzen are obviously present, but some of the Selbst-  und 
Sozialkompetenzen are not strictly necessary for define the needed competences. 
This will be discussed in the next section. The needed competences for the job are: 
 NC-Kenntnisse: NC (numerical control) needed knowledge. 
Personnel Skills Worker nr. 1 Worker nr.2 Worker nr.3 
NC-Kenntnisse 7 8 6 
Bedienkenntnisse 8 9 7 
Prozesskenntnisse 7 7 6 
Werkezeugkenntnisse 7 5 5 
Materialkenntnisse 9 7 6 
Produktkenntnisse 8 6 4 
Qualitaetskenntnisse 8 4 4 
Organisationskenntnisse 8 5 7 
Motivationsfähigkeit 9 8 10 
Selbstmanagment 8 5 8 
Zeitmanagment 7 4 8 
Physische Verfassung 10 10 10 
Geschick  im Sinne der Arbeitsaufgabe 10 9 9 
Lernbereitschaft 7 4 10 
Lernbereitschaft 9 6 9 
Lernfähigkeit 9 10 7 
Lehrbereitschaft 8 9 5 
Lehrfähigkeit 7 3 6 
Teamfähigkeit 7 8 6 
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 Bedienkenntnisse: operative needed knowledge, of the machine. 
 Prozesskenntnisse: needed knowledge about the processes. 
 Werkezeugkenntnisse: needed knowledge about the tools. 
 Materialkenntnisse: needed knowledge about the materials. 
 Produktkenntnisse : needed knowledge  about the products. 
 Qualitaetskenntnisse: needed knowledge about the quality. 
 Organisationskenntnisse: needed knowledge about the organization. 
 Motivationsfähigkeit: needed motivational skills. 
 Selbstmanagement: needed self-management. 
 Zeitmanagment: needed time-management. 
 physische Verfassung: needed physical condition. 
 Geschick im Sinne der Arbeitsaufgabe: needed skill within the meaning of the 
work task. 
 Teamfähigkeit: needed team working ability. 
 
Figure 4.6: Individual skills of the worker. 
 
A summary of the competence needed for the job is showed in figure 4.6. 
Needed 
Competence 
Motivation 
Physical 
Technical Teaching 
Social 
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All the jobs have an associated vector with all the needed competence values: in 
table 4.2 is showed an example of the jobs matrix with five jobs.. 
 
Table 4.2: Example of needed competences for the jobs. 
 
 
4.3.3 The assignment of jobs to the workers - Delta competence logic 
 
The assignment of the personnel to the jobs is a critical aspect of the optimization. 
The first analyzed way in this work is the assignation through the delta competences 
between the personnel skills and the needed competences.  
The delta competence is defined like the mathematical difference the i-th skill of the 
worker and the i-th competence needed of the job: there is one delta competence for 
every combination of personnel skills of all the workers and needed competences for 
all  the jobs. 
The formula 4.1 explicates the delta competence for a generic worker: 
Needed Competence Job nr. 1 Job nr.2 Job nr.3 Job nr.4 
Job 
nr.5 
NC-Kenntnisse 6 4 5 4 9 
Bedienkenntnisse 7 4 6 4 8 
Prozesskenntnisse 5 4 5 4 7 
Werkezeugkenntnisse 6 4 5 4 7 
Materialkenntnisse 7 4 6 4 9 
Produktkenntnisse 6 4 6 4 9 
Qualitaetskenntnisse 5 4 5 4 7 
Organisationskenntnisse 5 4 5 4 8 
Motivationsfähigkeit 9 6 7 6 9 
Selbstmanagment 7 5 7 5 8 
Zeitmanagment 5 5 7 5 6 
Physische Verfassung 7 8 6 8 7 
Geschick  im Sinne der Arbeitsaufgabe 8 7 7 7 8 
Teamfähigkeit 8 5 7 5 8 
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       (4.1) 
   = delta competence i-th of the worker for a job 
   = competence level of the i-th competence of the worker's skill 
   = competence needed of the i-th competence of the worker's skill 
Not all the competences are in both the sets of competences (worker and job): the 
learning and teaching competence are used for improve the competence of the 
worker through the teaching of another worker with more experience. Thus the fields 
with the lack of competence of one worker can be equalized to the needed 
competence through the learning. The delta assignment is based on the difference of 
the competences, so the criterion of assignment is based on the following 
consideration: 
      , overqualified for the job, with the possibility of teaching; 
        , on the job, with possibility of teaching on the working place; 
        , on the job; 
          out of the job, with the possibility of learning on the working 
place; 
           out of the job, with the possibility of short learning period 
(seminary,…) 
        out of the job, with the possibility of long learning period (school,…) 
This kind of reasoning have to be repeated for every competence in order to have a 
great overview of the worker for the analyzed job. 
Learn and teach with working mean that there is the possibility of increase the 
competences of the worker through another work help, directly during the working 
period, also with the worker at company's disposal.  
For a deep lack of competence is necessary a short, or a long period of learning, out 
of the working place. The length of the period is dependent on the competence lack 
quantification and on the subject. 
The learning/teaching is not a subject of this work, but the formula (4.2), found in 
literature, gives the improvement of the worker's competences. 
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       (4.2) 
 
     : learning effect of person i by the teaching of person j with respect to the 
Process p; 
    : willingness of the person i; 
    : learning the person i; 
    : Teaching readiness of individual j; 
    : teaching ability of person j; 
   : cumulative experience of the person j with respect to the process p. 
The figure 4.7 shows a graphic, based on the examples did in the precedent 
paragraphs, where the worker skills, the needed competences and the delta are 
present simultaneously: the graphic shows the values for one combination worker-job 
(worker number two and job number one). 
 
 
Figure 4.7: Personnel skills, needed competences and delta competences for the combination worker 
nr. 2 and job nr.1. 
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The planner has to evaluate all the delta competences and compares them with the 
other delta competences: in figure 4.7 is displayed a decision chart for the 
assignation of job. 
 
 
Figure 4.8: Procedure of the delta competences assignation. 
 
Constraint means all the variable that the planner has to consider for take the 
decision: for example if a worker cannot do a  certain kind of job for physical 
impediments, if a worker is on a job for another work maybe can do another 
simultaneously, if a worker have a lack of competence can be on the job with a 
learning improvement, etc… 
The decision with this evaluation would be difficult for the planner: this caused by the 
not automatic assignation and the complexity and the number of the parameters. 
The planner have to select the worker with a compare between the lack of 
competence, the surplus of competence in one hand and all the process chain in the 
other. 
The qualities of this procedure for the assignation are: 
 the planner has a totally overview of the workers and the job; 
 the planner knows all the lack and the surplus of competence of the workers; 
 all the workers are convolved in the selection; 
1 
• Personnel skills assignation 
2 
• Needed competencesfor the jobs assignation 
3 
• Constraints checking 
4 
• Delta compentences checking 
5 
• Assignation of the workers to the job 
  
73 
 
 generic and applicable in the majority of the contests. 
This assignation method has a lot of flaws: 
 not standardized; 
 not automatic assignation of the worker; 
 based only on the experience of the planner for the assignation; 
 the planner would be confused by the too many competences parameters 
involved in the final assignation; 
 not a direct way for confrontation of the different way of assignation that the 
planner would select; 
 not involved the process parameters and generically the process chain 
optimization. 
The delta competence is a great instrument for having a great overview about the 
competence owned and lacked by the worker for the selected job, but not for strictly 
for the decision. In the next paragraph the KOP tries to solve this problem. 
 
4.4 The KOP - the influence of the workers on the job 
 
An only parameter that makes the assignation of the personnel taking in 
consideration the competences needed for the process and gives the influence of the 
personnel on the processes is the aim of this chapter. 
According with literature the formula of this parameter, that defines the competence 
for one worker in a selected job, is the 4.3. 
 
      (∑
    
    
  
  
   
     ∑
    
    
  
  
   
   )  
  
  
 
       (4.3) 
Where: 
     = i-th technical competence level of the worker; 
       i-th needed technical competence for the job; 
    = the number of technical competence for the worker and the job 
     = k-th physical competence level of the worker; 
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       k-th needed physical competence for the job; 
    = the number of technical physical for the worker and the job 
   = worker's motivation level 
   = job's motivation needed 
   = percentage of influence of the technical competence on the job; 
   = percentage of influence of the physical competence on the job. 
The technical competences are:  
 NC-Kenntnisse; 
 Bedienkenntnisse; 
 Prozesskenntnisse; 
 Werkezeugkenntnisse; 
 Materialkenntnisse; 
 Produktkenntnisse;  
 Qualitaetskenntnisse;  
 Organisationskenntnisse. 
The physical competences are: 
 physische Verfassung; 
 Geschick im Sinne der Arbeitsaufgabe. 
The mean of the percentage of influence of the technical and physical competences 
depend to the different importance of the "theory" and the "strength" into a job: also 
remain into a static position for a long time, for example, can be seen like a physical 
effort. These two kinds of competences' factors must be complementary because the 
theoretical knowledge and the physical use have to be balanced into a same job. 
Thus the formula (4.4) explicates the relationship between the two factors. 
         
       (4.4) 
 
So these two numbers are only in function of the job or the kind of job in 
consideration. 
The figures 4.9 and 4.10 show two different examples of the coefficients, respectively 
for a fine machining process and for the forging process. 
The motivation is a really important parameter: a motivation needed competence is 
used, instead an only coefficient for a motivation skill, because there is a different 
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needed emotional and concentration state for every different kind of work (the 
motivation for a process checking must be different for a motivation for a physical 
work). 
 
Figure 4.9: Percentage of influence of technical and physical competences for a fine machining 
process. 
 
 
Figure 4.10: Percentage of influence of technical and physical competences for a forging process. 
  
In the table 4.3 is showed the KOP coefficients for the workers and the jobs that are 
presented in the previous paragraphs. 
The KOP has a range of value included in the range: 
90% 
10% 
f_k
f_p
80% 
20% 
f_k
f_p
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Where the value of   is dependent on the parameters. 
 
Table 4.3: Example of workers' skills. 
KOP Worker nr.1 Worker nr.2 Worker nr.3 
Job nr.1 1,17 0,89 1,00 
Job nr.2 2,32 1,83 2,10 
Job nr.3 1,72 1,35 1,55 
Job nr.4 2,32 1,83 2,10 
Job nr.5 0,88 0,68 0,76 
 
 
IN figure 4.11 is showed a graphical representation of the KOPs characteristics. 
 
 
Figure 4.11: KOP components representation. 
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This coefficient is not only useful for define the characteristics of the worker in 
function, but also for define the influence of the personnel on the process time and 
process cost. This new time and cost are be used for define the fitness functions in 
the GA that optimizes the KOPs. The formula of the process time changes like in the 
formula 4.5. 
 
                       [       
  
    
] 
       (4.5) 
 
Where: 
            = the process time of the k-th process influenced by the worker 
performance; 
           = the process time of the k-th process not influenced by the worker 
performance; 
   = percentage of influence of the personnel on the process time of the k-th 
process 
     = coefficient of personnel for the process k-th 
The percentage of influence of the personnel on the process time is a value included 
in the range between 0 and 1: this value define the percentage of the time of the 
process when the worker effectively work on the job (e.g. the percentage of the work  
 
in a programmable turning machine include the loading time, the programming time, 
the setting time, the download time but not the working time of the machine). 
The formula of the process cost changes like in the formula 4.6. 
 
                             
       (4.6) 
Where: 
           = the process cost of the k-th process influenced by the worker 
performance; 
          = the process cost of the k-th process not influenced by the worker 
performance, that is a constant value; 
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   = percentage of influence of the personnel on the process time of the k-th 
process 
     = coefficient of personnel for the process k-th 
Thus there is two kind of situation that would be created: 
 KOP<1: 
o the worker is not strictly qualified for the job; 
o the time of the process increases; 
o the cost of the process decrease; 
 KOP>1: 
o the worker is not strictly qualified for the job; 
o the time of the process increases; 
o the cost of the process decrease. 
Obviously for the qualification of the worker on the job, the KOP is not enough 
because in the formula the lack in some competences would be compensated by the 
surplus in the others: so a check to the delta competences before the assignation is 
necessary. In the figure 4.12 is showed a KOP main elements representation. 
 
 
Figure 4.12: KOP main elements representation. 
 
There are two kind of KOPs: 
 obtained by the personnel skills and the needed competences by the formula 
 obtained by the optimization in the cost and time functions by the GA's use 
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The KOPs defined for every combination worker process will be related with the 
KOPs that the GA will be optimized like parameters in the fitness functions: also a 
tolerance for the acceptable distance between the KOPs optimized and the obtained 
KOPs, necessary for define the workers assignation to the job. 
The procedure of assignation is showed completely in the chapter 6 where is used 
for optimize the forging process chain and select the personnel. 
The figure 4.13 shows a summary of the KOP project, with all the information needed 
for the optimization process. 
 
 
Figure 4.13: Visualization of the new GA optimization procedure. 
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5 Description of the prototype 
 
5.1 Introduction 
 
The prototype is the instrument that gives the results for the case in study showed in 
the paragraph 3.3, based on the models analyzed in the same paragraph. 
The figure 5.1 displays the process chain of the forging line. 
 
 
Figure 5.1: Forging process chains [2]. 
 
The software prototype is controlled by a Graphical User Interface (GUI) in MatLab 
(Version 2010b) as a part of the Optimization Module. Starting the optimization 
process with the GA-subroutine in MatLab imports the needed parameter values via 
an ODBC interface from the Database (Microsoft Access 2010). For the variable 
parameters the lower and the upper boundary value and step size of the values and 
the constant parameters values are needed to start GA-based optimization in 
MatLab[3]. 
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The Optimization Module exports the data-set of the optimal parameters calculated 
by the algorithm into specific table in the Database: at the end of the calculation the 
target criteria are stored into the Database and displayed in the GUI. 
In the following paragraph are analyzed deeper the Database, the GA and the GUI. 
The imagine 5.2 visualizes the connection between the parts. 
 
 
Figure 5.2: Database and Optimization Module connection. 
 
5.2 The Database 
 
The Database is programmed with Microsoft Access 2010. It is directly connected 
with the GUI and with the GA. The data in the Database would be divided into three 
types: 
 data used by the algorithm for the calculation (constant and variables), and 
useful for the definition of these (measure units,…); 
 data displayed by the GUI, with the information on the process chain and for 
the selection for the process chain itself; 
 data elaborated by the GA that are the set of the optimal parameters. 
  
82 
 
The data are stored into different tables: every table has the possibility of connection 
with the other tables through the ID, present in all the tables. The connection can be 
set in a different ways: one element to one element, one to more elements, more to 
one element, more to more elements. 
In figure 5.3 are showed all the relationships and the tables. The database map is 
also showed in the appendix A 
 
 
Figure 5.3: Access Database Relationships.  
 
Some tables don't contain information; their aim is making a connection between the 
other tables (e.g. Auftrag_Werkstoff) 
The main present tables are presented with, in the low level,  all the columns present 
inside the tables themselves: 
 Auftrag: orders; 
o ID; 
o name; 
o description; 
o quantity. 
This table contains all the orders that can be produced in the process chain, and their 
quantity. 
 Werkstoff: materials; 
o ID; 
o name. 
The materials of the orders are directly connected with the following table. 
 Auftrag_Werkstoff: 
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o A_ID (Auftrag_ID); 
o W_ID(Werkstoff_ID). 
 GA_Ergebnisse: GA results; 
o ID; 
o A_ID; 
o process chain; 
o type 
o population size; 
o generations; 
o elite count; 
o stall generation limit; 
o crossover fraction; 
o crossover method; 
o selection method; 
o results .txt file (from the MatLab Optimization Module). 
The table resumes the characteristic of the GA and contains the .txt file with the 
results of the optimization: the table is connected with the orders table and the 
following process chain table. 
  Prozesskette: process chains; 
o ID; 
o A_ID; 
o name; 
o description. 
In this table are presented the process chain that is dived in direct process chain and 
indirect process chain: the direct chain corresponds to the forged component 
production chain, the indirect chain corresponds to the forging die manufacturing 
process chain.  
This table is connected with the orders table by the ID. The table is showed in figure 
5.4. 
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Figure 5.4: Prozesskette table of the Access Database.  
 
 Prozesskette_Prozess: process chains_processes; 
o PK_ID (Prozesskette _ID); 
o P_ID(Prozess _ID); 
o Position. 
The table connects the process chain table with the process table, and identifies also 
the order of processes into the process chain, with the position numbers. 
 Prozess: processes; 
o ID; 
o name; 
o description; 
o M_ID (Werkzeugmaschine_ID); 
o Wz_ID  (Werkzeug_ID); 
o V_ID (Variable_ID). 
In the table are included all the process and the connection with the tables that 
described the process and the machine, and with the variables table. The table is 
showed in figure 5.5. 
 Fertigungsverfahren: manufacturing process; 
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o ID; 
o name. 
 Werkzeugmaschine: tool machines; 
o ID; 
o name; 
o producer; 
o model. 
 Werkzeug: tools; 
o ID; 
o name; 
o producer. 
 
 
Figure 5.5: Prozess table of the Access Database.  
 
 Variable: variables; 
o ID; 
o P_ID (Process_ID); 
o name; 
o description; 
o maximum value; 
o increment in the range; 
o minimum value 
o link with the measure units and descriptions. 
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This table contains the variables that the GA use for the optimization: for optimize the 
value the GA need a range with a maximum and a minimum value, and an increment 
that defines the precision of the numbers. The ID of the Prozess table connects 
directly the variables with the processes, and indirectly with the chains and the 
orders. The following tables are presented the constant values used by the GA. 
 Konstante: constants; 
o ID; 
o P_ID (Process_ID); 
o  value 
o link with the measure units and descriptions. 
As the figure 5.6 displays the connection between the tables: the Orders table is 
directly connected with the Processes table and the Variable table. These 
connections are used for link the process chain selection with the processes, also a 
selection of order means a connection with the process needed for the production of 
the chosen order. This is used in the GUI for connect the selection of all the data.  
Orders
Material
Process
Chain
Link
Order-
Material
GA
Results
Link
Pr.Chain
-
Process
Process 
Type
Process
Machine
Tool
Variable
Constant
Measure 
Units
Var.s 
Const.s
Names
Link
 
Figure 5.6: Schematization of the connection present in the Database.  
5.3 The Genetic Algorithm 
The production process is showed in all its possible alternatives in figure 5.7: there 
are eight possibilities for the direct process chain (forged component production) and 
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two for the indirect process chain (forging die manufacturing), for a total of sixteen 
possible combination.  
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Figure 5.7: Direct process chain and indirect process chain alternatives' flowchart. 
 
For the GA running is necessary two kind of information: 
 the Fitness Functions (FF); 
 the data. 
The data are taken from the database described in the precedent chapter, they 
compose the FFs expressions. The data are of two kind: 
 43 variables, which are defined like a range of value (maximum, minimum and 
increment),: they correspond to the parameters of the processes that have to 
be optimized. They are the pool for the GA. 
  581 constants, that are defined like a fixed number into the FFs expressions. 
All the process has a related FF for every target criteria: 
 Time; 
 Cost; 
 Quality. 
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The figure 5.8 shows the folder with the FFs models for every process in the process 
chains. 
 
 
Figure 5.8: FFs' folder of the prototype. 
 
The FFs make the calculation of the cost, time and quality for every single process. 
The process models are: 
 AbdrehenKosten,_Zeit,_Quaelitat (Turning off Cost, Time, Quality) 
 AbdrehenWZKosten,_Zeit,_Quaelitat (Turning off for the Tool Cost, Time, 
Quality) 
 AbkühlenKosten,_Zeit,_Quaelitat (Cooling Tool Cost, Time, Quality) 
 AußenrundschleifenKosten,_Zeit,_Quaelitat (External Grinding Cost, Time, 
Quality) 
 AußenrundschleifenWZKosten,_Zeit,_Quaelitat (External Grinding for the Tool 
Cost, Time, Quality) 
 BohrenKosten,_Zeit,_Quaelitat (Boring for the Tool Cost, Time, Quality) 
 DrehenKosten,_Zeit,_Quaelitat (Turning Cost, Time, Quality) 
 ErwärmenKosten,_Zeit,_Quaelitat (Heating Cost, Time, Quality) 
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 FeindrehenaussenKosten,_Zeit,_Quaelitat (Fine Turning Outside Cost, Time, 
Quality) 
 FeindreheninnenKosten,_Zeit,_Quaelitat (Fine Turning Inside Cost, Time, 
Quality) 
 FlachschleifenKosten,_Zeit,_Quaelitat (Surface Grinding Cost, Time, Quality) 
 HartdrehenKosten,_Zeit,_Quaelitat (Hard Turning Cost, Time, Quality) 
 ReibenKosten,_Zeit,_Quaelitat (Rubbing Cost, Time, Quality) 
 SaegenKosten,_Zeit,_Quaelitat (Sawing Cost, Time, Quality) 
 SchmiedenKosten,_Zeit,_Quaelitat (Forging Cost, Time, Quality) 
 VergütenKosten,_Zeit,_Quaelitat (Temper, Time, Quality). 
 
In the figures 5.9, 5.10, 5.11 are showed respectively the FeindreheninnenZeit.m, 
FeindreheninnenKosten.m  and FeindreheninnenZeit.m, the m-file that gives only the 
FFs for the Fine Turning Inside process.  
The file FeindreheninnenKosten.m is for obtain the FF of the total cost for the Fine 
Turning Inside. In this file there is the total cost preceded by the all the costs' voices 
that are summed for obtain the FF. The same is for the time and for the quality. The 
same scheme is repeated for every one of the process described before and  total 
FFs number is 45. 
 
 
Figure 5.9: Fine Turning Time FF elaboration. 
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Figure 5.10: Fine Turning Cost FF elaboration. 
 
The variables present in all the process models are of three types: 
 g.data: they represent the global constant values take from the table 
Konstante of the Database. 
 v.data: they represent the variable values take from the table Variable of the 
Database; they are also the pool of parameters for the optimization. 
 o.data:  they represent the obtained values, calculated by the algorithm. 
 
Figure 5.11 Fine Turning Quality FF elaboration. 
 
The m-file AlternativFF controls the calculated values from the m-files in the folder of 
the process models.  
The figure 5.12 shows the part of the file that control the association between the FFs 
correspondent to all the processes and the combination of the process for obtain the 
different process chains. 
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Figure 5.12: Composition of the direct and indirect chains combination. 
 
The m-file Fitnesswerte sums the processes' FFs for have only the global FFs of 
time, cost and quality: the m-files' functions are summed in a selected way the right 
process for having the selected direct and indirect process. The direct and indirect 
process chain are selected by the GUI that is showed in the following chapter.  The 
following screen capture (figure 5.13) shows the three global FF for a particular case: 
the direct chain is the fourth and the indirect chain the first. 
 
 
 
Figure 5.13: Total FFs of the GA for some case of direct and indirect chains.  
 
In the figure 5.14  there is a schematization of the procedure for obtain the FFs. 
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 Figure 5.14: Schematization of the global FFs elaboration. 
 
The GUI defines the start of the GA run and the settings of the algorithm. The m-file 
InformGA.m is started with the algorithm and it controls the type of optimization that 
can be selected: 
 Einziel: single-criteria optimization (only one of the FF is used) 
 Mehrziel: multi-criteria optimization (all the FFs are used) 
 Gewichtetet Summe. 
In the figures 5.15 and 5.16 are showed the part of the algorithm that effectively 
express the GA running after the obtaining of the total FFs: the first figure shows the 
scripts of the single-criteria optimization, the second figure displays the multi-criteria 
optimization 
The options that can be customized in the algorithm are: 
 population number; 
 generations' number before stopping the run; 
 number of elite chromosomes in every generation; 
 stall generation limit; 
  tolerance function value; 
 crossover fraction; 
 crossover method; 
 selection method. 
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Figure 5.15: Scripts of single-criteria GA optimization. 
 
 
Figure 5.16: Scripts of multi-criteria GA optimization. 
 
The results are graphically displayed into the GUI and stored into a folder with a .text 
that contains the results of the optimization (this file is present also in the Database). 
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5.4 The Graphical User Interface 
 
The GUI is programmed in MatLab 2010b. This instrument of the planner that in 
easier way than through the programming: the GUI is the interface for the planner for 
interacting with the Database and the GA. The GUI acts in: 
 select the order, the direct chain, the indirect chain; 
 modify and add data into the Database; 
 start the GA; 
 set the GA parameters; 
 display the GA results. 
The GUI is divided into four main pages. The first one, displayed in the figure 5.17, is 
called Prozesskette-auswahl (process chain selection). 
  
.  
Figure 5.17: First page of the GUI. 
 
Using the ODBC-Interface is possible to "talk" with the Access Database. In this first 
page is necessary to, for complete the optimization in the next steps: 
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 select the order type; the information present in the table Auftrag about the 
chosen order are displayed; 
 select the direct process chain: from the Prozesskette table are chosen the 
linked chain with the selected order 
 select the indirect process chain: the same of the direct one. 
In this step is also possible to: 
 add a new order: with all the characteristics needed for describe it, a new 
material can be also defined, as showed in figure 5.18. 
 add a new process chain. 
The information are added directly in the Access Database into the appropriated 
tables, but the connections between tables have to be added manually. This problem 
is present for all the addiction through the GUI. All the addictions to the Database 
and all the recall from the Access file, with a previous calling to respect in the data 
selection, or without, are executed with a SQL command file, called in the GUI with a 
specific command. The SQL file is inserted into the main folder of the GUI.  
The second page, showed in figure 5.19 is called Prozess-auswahl (process 
selection). 
 
 
Figure 5.18: Popup page of the first page of the GUI for insert a new order. 
 
 
In this second page is possible to: 
 visualize in two different tables all the processes and the processes' 
information that compose the direct chain and the indirect chain, the selection 
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in the previous page of the GUI of both the chain determinate this data 
display; the data are taken from Fertigungsverfahren, Werkzeugmaschine, 
Werkzeug, Prozess tables; insert one or more processes, that are present in 
the Prozess table, into the direct process chain or the indirect process chain; 
 add a new process in Prozess table and process' information in 
Fertigungsverfahren, Werkzeugmaschine, Werkzeug, as showed in figure 
5.20; 
 show all the process models m-files. 
 
 
 
Figure 5.19: Second page of the GUI. 
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Figure 5.20: Popup window of the second page of the GUI for insert a new process. 
 
The third page of the GUI is called Prozess-modulierung (Process modeling), the 
figure 5.21 shows this window.  In this page is possible to: 
 select the process chain (direct or indirect) and the process for visualize and 
modify the range (maximum, increment, minimum) of the  process variables of 
the process model. The display on the table is influenced by the order and 
process chains selection in the first page: the data are charged and modified 
from the table Variable; 
 add a process variable into the table Variable; 
 start a sensitive analysis of the process that help the planner in the selection 
of the range of the variable; 
 start the parameterization of the algorithm. 
The button for the parameterization of the GA brings to the popup window that is 
called GAStarten, which is showed in figure 5.22. In this window is possible to: 
 parameterize the GA (as seen in the precedent chapter); 
 set the name of the GA running; 
 start the GA. 
After the running of the algorithm (runs of the GA are showed in the chapter 7), the 
last page is displayed, as showed in figure 5.23: the fourth page is called 
Optimierungs-ergebnisse (Optimization results). 
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Figure 5.21: Third page of the GUI. 
 
 
Figure 5.22: Popup page of the first page of the GUI for insert a new order. 
 
In the last page is possible to: 
 select different GA runs, from the table GA_Ergebnisse; 
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 show the results of the selected running of the GA in the upper table, and 
the information about the running; 
 show the diagrams; 
 add the selected Pareto solutions to the lower table and export this data. 
 
 
Figure 5.23: Fourth page of the GUI. 
 
The figure 5.24 summaries the whole GUI-GA procedures' steps 
 
Figure 5.24: Schematization of GUI-GA procedures' steps. 
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In the figure 5.25 is showed a summarizing flowchart of the Prototype. 
 
 
Figure 5.24: Summarizing flowchart of the Prototype. 
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6 Modification of the prototype 
 
6.1 Introduction 
 
The modification of the prototype consists to insert the competence of the personnel 
and the needed competence of the processes directly into the process of 
optimization, by the influence of the operator into the time processing, and indirectly 
into the cost. The modify concerns the Microsoft Access Database, the Fitness 
Functions of the Genetic Algorithm and the creation of a new page and the 
modification of the others into GUI. The modifications into the database are 
necessary for create storage for all the workers skills, the competences needed for 
the processes and the connections and interrelations between the competences 
needed and owned: this information is necessary for matching the optimum 
combination of workers into the chain (paragraph 6.2). 
The modify of Fitness Function allows to the GA to involve the personnel skills into 
the optimization, through a coefficient (KOP) that acts on the operational timing, as 
well as on the cost of operation (paragraph 6.3).The new page of the GUI is 
fundamental to enabling the planner to select the operators for every single process. 
During the selection, the planner should see and should interact, at the same time, 
with the values of the competences needed for the operation and the competences 
owned by the worker.  
This is useful for evaluating the differences among these values, and matching these 
correctly. Also the percentage of influence of the personnel to the operation time can 
be selected and can be modified by the planner. The insertion of KOPs into the FFs 
transform these coefficients into variables: thus with the confrontation with the 
optimal KOP obtained by the GA and the calculated KOP is possible, with a overview 
of the delta competences, select the battery of the worker: contemporary the 
algorithm, through the functions modifications can take count of the worker influence 
on the optimization of the processes' parameters.  
The last paragraph shows the new assignation procedure for the workers, where a 
correct procedure helps the planner to make the decisions correctly. 
  
102 
 
 
6.2 Modification of the Database 
 
In the figure 6.1 are shown the relationships among the tables:  the choice of the kind 
of product and the process chain is directly connect with the process, and with the 
choice of the worker.  
 
Figure 6.1: Access relationships' table of the new Database. 
 
In the figure 6.2 there is schematization of the relationship: in green appears the 
modified tables, in red the new table, in blue the new relationships. 
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Figure 6.2: Schematization of the relationships in the new Database. 
The table shown in figure 6.3 is the table Competences_Needed for work on a 
specified process.  
In this table can be seen: 
 the ID that identifies the needed competences; 
 the Description of the Process, the needed competences' set are defined for 
the kind of process not for every process present in the process file; 
 the Technical Competences, Self-Competences, Physical Competences  
necessary to the personnel for manage the process (as shown in chapter 4), 
the differences between the processes and the variability need that these 
competences should be changed directly by the planner; 
 the Perc that represents the percentage of influence of the personnel    (as 
seen into the equation 4.5 and 4.6) on the operation time: this value 
represents the part of the process time that can  be change by the different 
choose of the personnel: 
    and    respectively the percentage of influence of the technical  
competence on the job and the percentage of influence of the physical  
competence on the job, necessary for the definition of the KOP (equation 4.3) 
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Figure 6.3: Access Table of the Competences Needed 
 
Now is necessary to build a table that contains all the competences of the workers, 
and the connected coefficients for every one of them. The figures 6.4 and 6.5 show 
the table Personnel_Skills. In this table we can find: 
 the ID, that identifies every operator; 
 the Name of the operator; 
 the age of the worker; 
 the Technical Competences, that the operator has available, as for the 
competences needed, the planner must be able to modify all this values, 
because these can change with the time; 
 the Social Competences, important for the role and for the capacity of learning 
of the worker; 
 the Salary of the worker, as an indication of the worker range; 
 
 
Figure 6.4: Access Table of the Personnel Skills (section one). 
 
Figure 6.5: Access Table of the Personnel Skills (section two). 
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It's important to relate the tables in a way that permit to connect directly the 
personnel skills and competences needed.  
Another important characteristic is the possibility of connect the competence needed 
directly with the process: in this way the competences needed can be selected 
automatically, with the selection of the process. The processes are connected with 
the process types present in the Competences_Needed table, in this way is 
necessary a general process type for define all the processes in the Prozess table. 
Thus the ID of the competences needed can be added into the Prozess table as 
shown in figure 6.6  
With the selection of the ID of the process are selected: 
 M_ID, that provides the machine for the process 
 Wz_ID, that provides the tool for the machine 
 V_ID, that provides the set of variables for the process model 
 K_ID, that provides all the competences need for manage the process, with 
the connection of the selected process with the process type that correspond 
to the set of the needed competences. 
 
 
Figure 6.6: Access Table of the Process. 
 
Now the personnel skills can be matched directly with the processes: in this way the 
different operators can be directly connected with the processes, through their 
competences and the needed competences for the single process. 
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In figures 6.7 and 6.8 is shown the table Prozess_Personnel  that connects the table 
Prozess and the Personnel_Skills. 
In this table there are: 
 P_ID, the ID of the process, with the connected competences needed; 
 Ar_ID, the ID of the worker, with the connected skills of the worker himself; 
 the differences (Δ) between all the competences needed and the personnel 
skills. 
There is a voice in this table for every combination between every process and every 
worker, this is important for show the deltas for every possibility of working matching. 
The differences are fundamental, in order to give to the planner the possibility of 
choice among the different workers: indeed the choice of the planner depends to the 
competence needed for this process and the personnel skills, because they influence 
directly the time of the operation, through the KOP.  
That coefficient, named KOP, is used into the fitness function for change the value of 
the operation time, as will be shown in the chapter 4.  
 
 
Figure 6.7: Access Table of the Process-Personnel correlation (part one). 
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Figure 6.8: Access Table of the Process-Personnel correlation (part two). 
The KOPs have to be also variables of the GA for the optimization: in the following 
paragraph is showed the application of the coefficients of the personnel in the Fitness 
Functions. The variables for the GA are defined and taken from the table Variable: 
the figure 6.9 displays the changes into the table for add the KOPs coefficient. In the 
table are present: 
 ID for identify all the variables 
 Variable's range (maximum, increment, minimum); 
 Process ID for connect the variables with the correspondent process 
 ID for a table for a connection with the table that contain Description of any 
valour used into the algorithm and the table that contain their Measure Units. 
 
  
108 
 
 
Figure 6.9: Access Table of the Variables. 
 
Also the constants for the GA from the Database: they  are defined and taken from 
the table Konstante. All the other needed coefficients for the KOP (  ,    ,   ) are 
stored into this table the figure 6.10 displays the changes into the table for add these 
coefficient. In the table are present: 
 ID for identify all the constants 
 Constant value (maximum, increment, minimum); 
 Process ID for connect the variables with the correspondent process 
 ID for a table for a connection with the Description and Measure Units (as in 
the variables' table). 
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Figure 6.10: Access Table of the Constants. 
 
6.3 Modification of the Genetic Algorithm 
 
The modification in the GA consists into the insertion into the KOP insertion in the 
way shows in the chapter 4. The KOP (formula 4.3) has to be inserted into the time 
and cost FFs of the processes' models. 
These changes into the fitness functions have the aim to: 
 KOPs became variables and are optimized by the GA, and with the 
confrontation with the GA obtained by the personnel skills and the needed 
competences make possible the assignation of the workers to the job; 
 time and cost became influenced by the personnel. 
The changing of the fitness function (showed in the formulas 4.5 and 4.6) consist into 
add to the time operation per part the human factor, and to the cost of the worker the 
difference of the worker competence. 
Thus the time of directly working on the job by the worker, calculated by the 
percentage of influence of the personnel on the time (  ), is influenced by the KOP: 
this coefficient represents the influence of the personnel on the job-time.  
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The formula for the change the time per part is the formula 4.5, showed following: 
 
                       [       
  
    
] 
       (4.5) 
 
The cost of every part is calculated directly by the time and a constant value that 
represent the medium salary per hour earned by the worker: this constant value has 
to be changed because the money earned are considerate proportional to the 
competences of the worker. Also the process cost changes by the coefficient 
percentage of influence of the personnel on the time, because the worker effectively 
is on the job only for the percentage shows by the coefficient. 
The formula for the change the cost of the worker is the formula 4.5, which consists 
in: 
                             
       (4.6) 
 
The cost per part and the working cost is substituted in every Process Model. In the 
tables 6.1, 6.2 and 6.3 are listed all the changes into the singular fitness functions for 
apply the precedent model: all the changes are preliminary to run also the validation 
in the chapter 7. 
 
 
Table 6.1: Changes in the FFs (part one). 
PROCESSES 
Time Fitness Function Cost Fitness function  
Production time [s] Labour cost [Euro/Piece] 
Turning  
New GA 
o.thWzDPA=(o.lwegWzDPA*o.Durch
messer*pi*g.kschLUWzDP/(1000*v.f
LUWzDP*g.kvLUWzDP))*((1-
g.PrWe)+(g.PrWe/v.KOP_We)) 
o.KlWzDPA=o.thWzDPA/3600*g.klhLUWzDP*v.KO
P_We*g.PrWe; 
Turning  
Old GA 
o.thWzDPA=o.lwegWzDPA*o.Durch
messer*pi*g.kschLUWzDP/(1000*v.f
LUWzDP*g.kvLUWzDP) 
o.KlWzDPA=o.thWzDPA/3600*g.klhLUWzDP; 
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Table 6.2: Changes in the FFs (part two). 
PROCESSES 
Time Fitness Function Cost Fitness function  
Production time [s] Labour cost [Euro/Piece] 
Turning off 
New GA 
o.teWstVDA= 
(o.tcWstVDA+g.tnebLWtVDP)*((1-
(g.PrVD)+ (g.PrVD/v.KOP_VD))* 
(1+(g.tvertLWstVP+g.terhLWstVDP)
/100)+g.trLWstVDA/g.LL 
o.KlWstVDA=o.teWstVDA/3600*g.klhLWstVDP*v
.KOP_VD*g.PrVD 
Turning off 
Old GA 
o.teWstVDA=(o.tcWstVDA+g.tnebL
WstVDP)*(1+(g.tvertLWstVP+g.terh
LWstVDP)/100)+g.trLWstVDA/g.LL 
o.KlWstVDA=o.teWstVDA/3600*g.klhLWstVDP 
Heating 
New GA 
o.teWstEA= 
(o.tBHNGWstEA+g.tnebLWstEIP)*((
1-
g.PrEr)+(g.PrEr/v.KOP_Er))*(1+(g.tv
ertLWstEIP+g.terhLWstEIP)/100) 
o.KlWstEA=o.teWstEA/3600*g.klhLWstEIP*v.KOP
_Er*g.PrEr 
Heating 
Old GA 
o.teWstEA= 
(o.tBHNGWstEA+g.tnebLWstEIP)*(1
+(g.tvertLWstEIP+g.terhLWstEIP)/1
00) 
o.KlWstEA=o.teWstEA/3600*g.klhLWstEIP 
Turning Tool 
New GA 
o.teWzAPA=(o.tcWzAPA+g.tnebLU
WzAPP)*((1-g.PrAb) 
+(g.PrAb/v.KOP_Ab)) 
*(1+(g.tvertLUWzAPP+g.terhLUWzA
PP)/100)+g.trWzAPA 
o.KlWzAPA=o.teWzAPA/3600*g.klhLUWzAPP*v.K
OP_Ab*g.PrAb 
Turning Tool 
Old GA 
o.teWzAPA= 
(o.tcWzAPA+g.tnebLUWzAPP) 
*(1+(g.tvertLUWzAPP+g.terhLUWzA
PP)/100)+g.trWzAPA 
o.KlWzAPA=o.teWzAPA/3600*g.klhLUWzAPP 
Tempering 
New GA 
o.teWzVA= 
(o.thWzVA+g.tnebLUWzVP)*((1-
g.PrVe)+(g.PrVe/v.KOP_Ve))*(1+(g.t
vertLUWzVP+g.terhLUWzVP)/100) 
o.KlWzVA=((o.teWzVA-
o.tABHGUWzVA)/3600*g.klhLUWzVP*v.KOP_Ve
*g.PrVe)*0.1 
Tempering 
Old GA 
o.teWzVA= 
(o.thWzVA+g.tnebLUWzVP)1+(g.tve
rtLUWzVP+g.terhLUWzVP)/100) 
o.KlWzVA=((o.teWzVA-
o.tABHGUWzVA)/3600*g.klhLUWzVP)*0.1 
Surface 
Grinding 
New GA 
o.teWzSFA= 
(o.tcWzSFA+g.tnebLUWzSFP)*((1-
g.PrFs)+(g.PrFs/v.KOP_Fs))*(1+(g.tv
ertLUWzSFP+g.terhLUWzSFP)/100)
+g.trLWzSFA/g.LL 
o.KlWzSFA=o.teWzSFA/3600*g.klhLUWzSFP* 
v.KOP_Fs*g.PrFs 
Surface 
Grinding 
Old GA 
o.teWzSFA= 
(o.tcWzSFA+g.tnebLUWzSFP)* 
(1+(g.tvertLUWzSFP+g.terhLUWzSF
P)/100)+g.trLWzSFA/g.LL 
o.KlWzSFA=o.teWzSFA/3600*g.klhLUWzSFP 
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Table 6.3: Changes in the FFs (part three). 
PROCESSES 
Time Fitness Function Cost Fitness function  
Production time [s] Labour cost [Euro/Piece] 
External 
Grinding 
New GA 
o.teWzSAA=(o.tcidealWzSAA+g.tnebLU
WzSAP)*((1-
g.PrAu)+(g.PrAu/v.KOP_Au))*(1+(g.tvert
LUWzSAP+g.terhLUWzSAP)/100) 
o.KlWzSAA=o.teWzSAA/3600*g.klhLUWzSA
P*v.KOP_Au*g.PrAu 
External 
Grinding 
Old GA 
o.teWzSAA= (o.tcidealWzSAA 
+g.tnebLUWzSAP)*1+(g.tvertLUWzSAP+
g.terhLUWzSAP)/100) 
o.KlWzSAA=o.teWzSAA/3600*g.klhLUWzSA
P 
Forging 
New GA 
o.teWstSA=(o.tBHNGWstSA+g.tnebLWst
UP)*((1-g.PrSc) 
+(g.PrSc/v.KOP_Sc))*(1+(g.tvertLWstUP+
g.terhLWstUP)/100) 
o.KlWstEA=o.teWstEA/3600*g.klhLWstEIP*
v.KOP_Sc*g.PrSc 
Forging 
Old GA 
o.teWstSA=(o.tBHNGWstSA+ 
g.tnebLWstUP)*(1+(g.tvertLWstUP+g.ter
hLWstUP)/100) 
o.KlWstEA=o.teWstEA/3600*g.klhLWstEIP 
Fine Turn 
Outside 
New GA 
o.teWstFFAA= (o.thgesamtWstFFAA 
+(g.tnebLWstFFAP))*((1-g.PrFA) 
+(g.PrFA/v.KOP_FA))*(1+(g.tvertLWstFF
AP+g.terhLWstFFAP)/100)+g.trLWstFFAA
/g.LL 
o.KlWstFFAA=o.teWstFFAA/3600*g.klhLWst
FFAP*v.KOP_FA*g.PrFA 
Fine Turn 
Outside 
New GA 
o.teWstFFAA= (o.thgesamtWstFFAA 
+(g.tnebLWstFFAP))*(1+(g.tvertLWstFFA
P+g.terhLWstFFAP)/100)+g.trLWstFFAA/
g.LL 
o.KlWstFFAA=o.teWstFFAA/3600 
Fine Turn 
Inside 
New GA 
o.teWstFFIA=(o.thgesamtWstFFIA+(g.tn
ebLWstFFIP))*((1-g.PrFI) 
+(g.PrFI/v.KOP_FI))*(1+(g.tvertLWstFFIP
+g.terhLWstFFIP)/100)+ 
g.trLWstFFIA/g.LL 
o.KlWstFFIA=o.teWstFFIA/3600*g.klhLWstF
FIP*v.KOP_FI*g.PrFI 
Fine Turn 
Inside 
New GA 
o.teWstFFIA= (o.thgesamtWstFFIA+ 
(g.tnebLWstFFIP))*(1+(g.tvertLWstFFIP+
g.terhLWstFFIP)/100)+ g.trLWstFFIA/g.LL 
o.KlWstFFIA=o.teWstFFIA/3600*g.klhLWstF
FIP 
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The variables used by the GA, taken from the table Variable, are 71: because the 
KOPs are now variable as showed in the modifications of the Process Models (e.g. 
v.KOP_FI). Also the constants used by GA taken from the table Konstante, grow up 
to 620 for the addiction of the coefficients          of the formulas 4.3, 4.5, 4.6 (e.g. 
g.PrFI ). The process models changes implicate FFs changes (as show in chapter 5) 
 
6.4 Modification of the Graphical User Interface 
The modifications of the GUI concern mostly the addiction of one page, called 
Personal-auswahl (Personnel-selection), between the second and the third page. 
The characteristics of the new page are:   
 show all the workers; 
 show and modify all the workers competences; 
 show and modify the needed competences and the percentages of influence 
for every job; 
 show all the delta competences for every combination worker-job; 
 show and permit the modify all the percentages of influence of the personnel 
on the time.  
In figure 6.11 is showed the third page of the new GUI structure. 
All the changes in the data imply the change of the same data into the Database. 
In the first page the order is selected, and consequently the direct and indirect chains 
are chosen: the planner select the right way for make the product, so all the 
processes are chosen in the first page. 
In the upper tables of the page are showed, sequentially to the choices: 
 in the left table are displayed all the processes of the direct chain and their  
percentages of influence of the personnel on the process time (  ); 
 in the right table are all the processes of the indirect chain and their  
percentages of influence of the personnel on the process time. 
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Figure 6.11: New third page of the GUI. 
 
This table are static because all the coefficients of all the processes are displayed 
simultaneously, the coefficients can be modified and the changes are saved in the 
table Konstante passage to the next window.  
In the middle of the page, can be selected, with programmed scroll down buttons 
("Prozesskette auswaehlen"), the process chain direct or indirect, the chains are 
taken from the table Prozesskette of the Access Database: the chains can be 
selected are the same of the chains chosen in the first page of the GUI. 
Another scroll down button ("Prozess  auswaehlen") permit the selection of one of the 
process of the selected chain, taken from the table Prozess of the Database: the 
processes belonged to the chains are automatically selected.  
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Figure 6.12: Popup window of the percentage of influence of the physical and technical competence 
on the selected job. 
 
Depending on the process selected there are: 
 a "% " button that open a popup window called "Influence of the competence 
on the job", showed in figure 6.12, where is possible to display and modify: the 
percentage of influence of the technical competence on the job (  ) and  of the 
physical competence on the job (  ). 
 
 a "Competences Needed" button that open the popup window called 
"Prozesskompetenzen" where is displayed, and is also possible to modify, all 
the needed competence for the selected process, from the table 
Competences_Needed (as showed in figure 6.13); 
 
 the "Result of GAP-Analysis" table gives the delta between all the available 
workers' skills and the needed competences of the job, all the data are taken 
from the table Prozess_Personnel. 
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Figure 6.13: Popup window of the needed competences of the selected job. 
 
The change of the process in the selection button brings automatically to the change 
of the delta competences' table and in the other two popup windows. 
Since the planner changes or selects the process for the first time, appear 
immediately, in the main page, the delta competences between the new process and 
personnel skills: the re-opening of the two popup windows display the characteristics 
of the new process. 
Another button, "Neue Arbeiter", opens another popup window with the same name: 
it allows to the planner to add new worker to the Database. As showed in figure 6.14 
have to be inserted all the characteristic of the worker for save the new worker into 
the table Pesonnel_Skills. 
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Figure 6.14: Popup window for the insertion of a new worker into the Database. 
 
The button called "Options Improvement Learning" opens a popup windows where is 
displayed the learning options. This is not the aim of this work and the window is not 
programmed, this option is discussed in the chapter 8. 
Another scrolled button, in the bottom of the page, permits to display all the available 
workers, taken from the table Personnel_Skills. 
Under this scroll down button, the button "Worker's Skills" permits to display a popup 
window called "Arbeiter Skills" where all the information about the selected worker: 
the information is taken from the same table of the worker. This window is showed in 
figure 6.15. 
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Figure 6.15: Popup window of the competences and characteristics of the selected woker. 
 
In the third page of the GUI is possible to change the KOPs range for the 
optimization, in order to have optimal results. The selection of the range of the KOP 
is discussed in the following chapter. 
In the last page of the GUI are displayed the results: so all the optimal KOPs, that are 
variables of the GA, are showed in the fourth page. There is also another projected 
page and it is connected with the last page of the GUI: this page permit a easier way 
for display the optimal KOPs and the KOPs of the worker for better comparison that 
determines the job assignment (as explained in the next paragraph). This page is not 
programmed so it is showed in the Overlook, chapter 8. 
A complete view of the main pages of the GUI is presented in the Appendix B. 
A part of the programming of the new page of the GUI and of all the correlated 
windows is in the Appendix C. 
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6.5 The new job assignment methodology 
 
For assign the workers to the job a new methodology is followed: the procedure is 
summarized in the flow chart in figure 6.16.  
At the end of the optimization there are two kind of KOPs: 
     : the worker KOP is the coefficient obtained by the application of the 
formula (4.3) with the data of the personnel skills, the needed competences 
and the coefficients (  ,   ). These coefficient are assigned to every worker for 
every combination worker-job: so every worker has one KOP for every job that 
he can absolve. They are calculate by an Excel file that are presented in the 
following chapter. It's like the "owned capacity" 
     : the GA coefficient obtained by the GA optimization. The KOPs present 
into the Process Model are one for every possible process of the selected 
process chain. It's like the "required capacity" 
The next step is the confrontation between the results of the GA and the skills of the 
workers: in fact if the GA gives acceptable results about the process parameters the 
planner can make an association for every job with one worker by the similarity of the 
KOPs owned by the workers and by the jobs(one worker can be associate to more 
jobs, or more workers to one job, but all have to be accorded with the constraints).  
The constraints are a actions, decisions or facts that the planner have to respect in 
the association, for example: if one worker have to stay into a plant for one job 
cannot be associate to a job in another plant, or do at the same time; one worker 
would be associated definitely to a job before the optimization for other preliminary 
priorities; a worker cannot do a job for physical reason or medical response. All the 
constraints have to be respected for determine an available assignment. 
The planner can make a change into the workers' order, order made by the 
association of the workers with the jobs, can be useful for the respect of the 
constrains. 
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Figure 6.16: Job assignment flowchart.  
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After the respect of the constraints another concept have to be introduced: the 
tolerance. The tolerance, like in the formula 6.1, is defined as the difference between 
the worker KOP and the KOP obtained by the GA. 
 
                            
       (6.1) 
Thus can be defined a value of tolerance that: 
 if                      , the worker can be selected for the job; 
  if                      , the worker cannot be selected for the job: 
o            , the worker is overqualified; 
o            , the worker is not qualified. 
An overqualified worker can be at the same assigned to a job, with the 
consciousness of having a saving of time, although having a wasting of money and 
knowledge.  
This way of reasoning is necessary because the planner can select the worker, for 
the assignation to a job, with the similarity of the KOP owned and required: but the 
similarity is a subjective concept, and is necessary to introduce a systematic way for 
the assignation. The most important observation is that, if the planner put a worker 
with a KOP really different from the choice of the GA, it is like to put a false value into 
the process parameters set: the reason is that, the KOP and the process parameter 
are optimized simultaneously, so the process parameter values at the end of the 
optimization are influenced by the KOP optimized values. Thus the KOPs values 
decided by the GA must be respected for maintaining the credibility of the process 
parameter decided.  The selection of workers with KOPs substantially different to the 
KOPs obtained by the optimization have to be avoided. Summarizing the tolerance is 
introduced for two reasons: 
 automate the assignment process; 
 not alter the GA results, and consequentially introduce false values of the 
process parameters. 
There is the possibility of having not correspondence between the owned KOP and 
the optimal KOP obtained by the GA. For the jobs, for which this "not associability" 
occurs, are necessary to know if the percentage of influence of the personnel (  ) is 
high or not: if the coefficient is low, the personnel impact on the process time and on 
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the process cost is really low. Thus the decision of the GA can be leave unaltered 
and the planner can select also a not "correspondent" worker, without alter the sense 
of the optimized process parameters. 
Obviously a change of the order of the workers can improve the positions of some 
workers , at the condition that constraints remain respect and all the KOPs tolerances 
remain into the selected range, as showed into the flowchart in figure 6.16.  
Whether the worker still to have a KOP really different to the KOP require, the range 
of the KOPs variable (every variable optimized by the algorithm need a range for be 
defined) into the GA have to be change: the range can be more similar to the workers 
that the planner have available or can be changed also if planner decide to assign a 
selected  workers for some jobs.  
The planner can be select different kinds of ranges, for example: 
 KOPs' range < 1: this means that, with this KOPs' values, the time of the job 
grows up and the cost of the worker go down; this can be applied when the job 
is not really important or it has a low influence of personnel on the process 
time. 
 KOPs' range > 1: in this case the time of job go down and the cost of the 
worker grow up; the use of this range have attitude with the jobs that represent 
a neuralgic point for the process chain, or it has a high influence of personnel 
on the process time. 
 KOPs' range around 1: the decision is left to the algorithm, this can be use for 
a normal importance job, with a medium influence of the personnel on the 
process time. 
 KOPs' range morphed into a constant value: the planner decide the worker for 
the job and simply apply the KOP value of the worker to the range of the GA. 
The last obstacle for make available a set of workers is the delta competences: 
differently to the chapter 4, the delta competences are not used for the deicide the 
assignation, but only for preclude the job at the workers that have a deep lack of 
competence. Obviously, like exposed in the same chapter, the learning factor is 
really important, but it's not the aim of this work. The assignation has to be remake 
only if the assigned workers have a deep lack of technical competences, physical 
competences or motivation: the reason is that the KOP mediate the competences 
with a summary, so a deep lack can be compensated by a great surplus of another 
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competence on the same field. A delta competences review is necessary for this 
reason. In figure 6.17 is showed an example of assignation. 
 
Job nr.1 Job nr.2 Job nr.3
Worker 
nr. 5
Job nr.4
Worker 
nr. 2
Worker 
nr. 3
Worker 
nr. 1
 
 Figure 6.17: An example of job assignation. 
 
Thus also if the assignation is complete manually by the planner, with the KOP and 
this logical model the method is semi-automatic. In the figure 6.18 is showed a 
schematization of the personnel assignment method. 
 
 
Figure 6.18: Schematization of the personnel assignment method. 
 
In the figure 6.19 is showed a summarizing schematization of the new Prototype, with 
the insertion of the competence module in the optimization procedure. 
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Figure 6.19: Summarizing schematization of the new Prototype. 
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7 Validation 
 
7.1 Introduction 
In this chapter the algorithm and the procedure in general, are tested and validated. 
In the first paragraph are described all the characteristic of the process chains 
selected for the tests. The data necessary for the process competences, the selected 
personnel pool, and their owned competences are tabled and described. The      
(the coefficient owned by the workers for every jobs) are calculated thorough and the 
KOP coefficients.  These have to be stored into the Database, in this way they can 
be in the GA tests and displayed by the GUI.  In the second paragraph are listed the 
setting of the algorithm: the parameter of the GA and the ranges for the      (the 
optimized coefficients): different ranges of KOP are used for a complete validation 
test. The results of the optimizations are compared with the results of the old GA: the 
results for cost, time and quality are showed. The optimized coefficient,     , are 
matched with the workers coefficient, for the personnel assignation. The algorithm 
that include the competence module will be called nGA (new genetic algorithm), and 
the algorithm without the personnel competence will be called oGA (old genetic 
algorithm). 
 
7.2 Description of the validation case: data settings  
The selected chains for the validation are selected as the most used combination of 
process in the manufacturing process: 
 indirect chain number 1 (separation, turning, temper, surface grinding, hard 
turning); 
 direct chain number 4 (turning, heating, forging, cooling, turning outside, 
turning inside). 
The schematization of the direct and indirect process chains is showed in figure 7.1. 
The MatLab process models for all the processes and the relative FFs are exposed 
and explained in the chapter 3 and in the chapter 5 respectively. 
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Turning Heating Forging Cooling
Turning
Outside
Turning
Inside
Turning
Temper
Hard 
Turning
Separation
FORGING DIE 
MANUFACTURING
-
INDIRECT PROCESS CHAIN
FORGED COMPONENT 
PRODUCTION
-
DIRECT PROCESS 
CHAIN
Surface 
Grinding
 
 Figure 7.1: Schematization of the production system used in the validation: indirect chain nr.1 and 
direct chain nr.4. 
 
In the setting of the competence system is important to assign the required 
competences for every process: as shown in the chapter 4, the jobs are included in 
categories, which give to the different work all the levels of needed competences for 
a correct execution of the job itself.  
The jobs are divided into categories by the kind of elaborated process: 
 Machining: separation, turning (tabled as “Mac”). 
 Fine Machining: surface grinding, hard turning, turning outside, turning inside 
(tabled as “FinM”). 
 Forging (tabled as “Forg”). 
 Cooling (tabled as “Cool”). 
 Heating: heating, tempering (tabled as “Heat”). 
The table 7.1 shows the needed competences for the jobs of the process chains: in 
the table is specified al the competences voice for the jobs; it’s shown also the job 
category and the process chain belonged to the selected process. 
The differences between machining and hard machining include the complexity and 
the importance of the operation for the manufacturing process target. The machining 
is a preliminary operation for both the line, for obtain the component for the heating.  
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The fine machining is a final complex operation where the final geometry is definitely 
determined: also the superficial finishing of the forging die and of the forged 
component is defined by this kind of process. For this reasons the needed 
competence in the fine machining are stricter than the machining, and the required 
competence levels are necessary higher.  
 
Table 7.1: Needed competence for the jobs of the selected process chains. 
Competence 
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Turning 6 7 5 6 7 6 5 5 9 7 5 7 8 8 Mac D 
Heating 4 4 4 4 4 4 4 4 6 5 5 8 7 5 Heat D 
Forging 5 6 5 5 6 6 5 5 7 7 7 6 7 7 Forg D 
Cooling 4 4 4 4 4 4 4 4 6 5 5 8 7 5 Cool D 
Turning Outside 9 8 7 7 9 9 7 8 9 8 6 7 8 8 FinM D 
Turning Inside 9 8 7 7 9 9 7 8 9 8 6 7 8 8 FinM D 
Separation 6 7 5 6 7 6 5 5 9 7 5 7 8 8 Mac I 
Turning 6 7 5 6 7 6 5 5 9 7 5 7 8 8 Mac I 
Temper 4 4 4 4 4 4 4 4 6 5 5 8 7 5 Heat I 
Grinding Surface 9 8 7 7 9 9 7 8 9 8 6 7 8 8 FinM I 
Hard Turning 9 8 7 7 9 9 7 8 9 8 6 7 8 8 FinM I 
 
The forging is a less complex process for the less programming and more automation 
of the operation: the cooling and the heating are totally automated processes, and 
the influence of the personnel is really low.  
The constants   ,   ,   , like express in the formulas 4.3, 4.5, 4.6, are characteristics 
of the processes, necessary for the KOPs definition: their determination is 
fundamental for  the influence of the personnel on the time and cost. The table 7.2 
displays the coefficients for every process. These constant are dependent to the 
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jobs: also for these values the dependences to the job can be generalized to the 
category of belonging of the job. For the cooling and the heating, the physical 
importance is more important than in the other kind of job: the reason is that the work 
is only a checking, without a direct interacting with the job. The coefficients of 
influence of the personnel on the working time is really low for the heating and 
cooling, because the competences of the personnel cannot improve or get worse a 
procedure almost completely automated. A increasing of this percentage is into the 
forging process: in this process the percentage of technical influence increase 
compared to the precedent processes.  
 
Table 7.2: Constants correspondent to the jobs for the selected process chains. 
CONSTANTS f_k f_p p_k 
Turning 0,85 0,15 0,6 
Heating 0,6 0,4 0,1 
Forging 0,7 0,3 0,3 
Cooling 0,6 0,4 0,1 
Turning Outside 0,9 0,1 0,9 
Turning Inside 0,9 0,1 0,9 
Separation 0,85 0,15 0,6 
Turning 0,85 0,15 0,6 
Temper 0,6 0,4 0,1 
Grinding Surface 0,9 0,1 0,9 
Hard Turning 0,9 0,1 0,9 
 
The influence of the personnel on the process time (  ) is more relevant in the 
machining and the fine machining than the other processes: the machining 
processes are systematic and automate into the operative phase, but they need the 
workers’ actions for programming and preliminary phases. The technical influence 
(  ) is higher than the physical influence (  ). The fine machining, that defines the 
end quality of the forging die and the forged component, is the most delicate process 
for the working personnel influence: the highest    coefficient is justified by these 
reasons. The coefficient decrease for the forging, where the programming it’s not 
necessary. The heating and cooling have the lowest influence of the personnel: the 
  
129 
 
physical influence is higher than the other process because the most relevant activity 
for this process is the checking, which commits also physically the worker. 
A set for workers is defined for simulate a working personnel pool: for represent an 
ideal series of personnel, a kind of "stereotypical” people are used for composed this 
pool of workers. The table 7.3 shows all the features of the workers: the main 
characteristics of the workers are included (age, salary), and all the competences are 
listed (technical, physical, self-competences and social) 
 
Table 7.3: Worker skills for the selected personnel pool. 
Workers Skills Mario Luigi Gino Karl Sara Ugo 
Alter 45 35 50 25 19 40 
Stundenlohn 35 23 28 15 8 8 
NCKetnisse 10 7 7 6 3 5 
Bedienkenntnisse 10 8 7 7 3 5 
Prozesskenntnisse 10 7 10 6 4 5 
Werkezeugkenntnisse 10 7 9 5 5 5 
Materialkenntnisse 10 9 9 6 6 5 
Produktkenntnisse 10 8 10 6 4 5 
Qualitaetskenntnisse 10 8 10 4 2 5 
Organisationskenntnisse 10 8 10 7 4 5 
Motivationsfähigkeit 10 9 8 10 8 4 
Selbstmanagment 10 8 9 8 7 5 
Zeitmanagment 10 7 8 8 6 5 
physische_Verfassung 10 10 6 10 10 7 
Geschick_im_Sinne_der_Arbeitsaufgabe 10 10 10 9 9 7 
Lernbereitschaft 8 7 4 10 9 3 
Lernfähigkeit 9 9 6 9 8 3 
Lehrbereitschaft 10 9 10 7 3 3 
Lehrfähigkeit 10 8 9 5 2 3 
Teamfähigkeit 9 7 3 6 9 3 
 
The working personnel is composed by the following workers: 
 Mario: the master, the worker with the highest level of ability and a high 
experience, and, obviously the highest salary. 
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 Luigi: the normal worker, with a good level of knowledge, the necessary 
experience and the required level of self-management. 
 Gino: the experienced, an older worker with a deep knowledge in some fields 
and a lack in the latest technology, with some defects in personal 
management. 
 Karl: the beginner, a young worker a low level of experience, a good 
knowledge of new technology and a high level of motivation, physical force 
and cooperation. 
 Sara: the apprentice, a really young worker a low level of experience and 
knowledge, a not high level of motivation gives by the new experience and low 
self-management. 
 Ugo: the low level worker, with low level of knowledge, lack of personal 
management and motivation. 
The delta competences and the workers KOPs are calculated by an Excel file. The 
figure 7.2 shows a part of the deltas calculation page of the Excel file. 
This Excel file is composed of four pages: 
1. Needed Competences: in the first page are stored, in a matrix, all the 
required competences, the IDs and the type of the jobs. 
2. Personnel Skills: the skills of all the workers are in this page. 
3. Delta Competences: automatically with the insertion of the data in the 
first and the second page the difference between the needed and the 
owned competences appear in this page. 
4.     : in the fourth page have to be inserted the coefficients   ,   ,   ; 
after the KOPs, give by the formula 4.3, appear automatically for every 
combination of worker-job.  
In this file are collected all the data for the workers and jobs competence, necessary 
for the KOP matching and for the optimization procedure.  
The table 7.4 shows the calculated      owned by the worker for every job in the 
selected process chains. 
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 Figure 7.2: Delta competences table for the skills of the experimental personnel and the need 
competences of the selected jobs in the Excel calculation file. 
 
Table 7.4: KOPs for the experimental personnel for the selected process chains. 
Workers     MARIO LUIGI GINO KARL SARA UGO 
Turning 1,62 1,17 0,89 1,00 0,59 0,34 
Heating 3,08 2,32 1,83 2,10 1,35 0,69 
Forging 2,29 1,72 1,35 1,55 1,00 0,51 
Cooling 3,08 2,32 1,83 2,10 1,35 0,69 
Turning Outside 1,24 0,88 0,68 0,76 0,45 0,26 
Turning Inside 1,24 0,88 0,68 0,76 0,45 0,26 
Separation 1,62 1,17 0,89 1,00 0,59 0,34 
Turning 1,62 1,17 0,89 1,00 0,59 0,34 
Temper 3,08 2,32 1,83 2,10 1,35 0,69 
Grinding Surface 1,24 0,88 0,68 0,76 0,45 0,26 
Hard Turning 1,24 0,88 0,68 0,76 0,45 0,26 
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7.3 Validation results 
The nGA includes the competences and the influence of the personnel, as described 
in the chapter 6. The setting exposed the previous chapter are applied in the 
validation tests of the new algorithm: the KOP coefficients are used for the algorithm 
modification and      for the personnel assignation. The settings for the genetic 
algorithm are exposed in this paragraph: the nGA and the oGA are tested with the 
same data. The     (one coefficient for every process, for a total of 11) are the new 
variables of the GA: the ranges of these variables have to be defined as input of the 
optimization. The combinations of settings, for a total of 45 simulations, are executed 
for the validation. The various combinations of settings are determined as follows: 
Population:   
 20 strings; 
 50 strings; 
 100 strings; 
 500 strings. 
Generations: 
 50 iterations; 
 100 iterations (only for 500 chromosomes). 
Crossover method: 
 2 points; 
 Arithmetical (only for 50 chromosomes and 50 generations). 
     Ranges: 
 The table 7.5 describes the various KOP range adopted, with the maximum 
and minimum values, the nomenclature of the KOP is the same used in the 
Process Models. The KOP are listed for their belonging to the process chains, 
with the same order of the manufacturing process. The first six coefficient 
belong to the direct process chain (turning, heating, forging, cooling, turning 
outside, turning inside), the other five coefficients to the indirect process chain 
(eparation, turning, temper, surface grinding, hard turning). 
 An increment value for the range is selected as 0,001. 
Variables ranges: 
 The variables of the oGA that include all the process parameters, remain with 
the same ranges in the nGA. 
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Table 7.5: KOPs range for the validation tests. 
KOP set 1 2 3 4 v1 v2 v3.1 v3.2 v3.3 
KOP_VD [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,8] [0,8;1,6] [0,6;1,4] [0,7;1,3] [0,8;1,2] 
KOP_Er [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;2,5] [0,5;2] [0,5;1,5] [0,4;1,2] [0,4;0,9] 
KOP_Sc [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;2] [0,5;1,8] [0,7;1,5] [0,8;1,4] [0,9;1,3] 
KOP_Ak [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;2,5] [0,5;2] [0,5;1,5] [0,4;1,2] [0,4;0,9] 
KOP_FA [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,5] [0,8;1,4] [0,8;1,8] [0,9;1,5] [1;1,4] 
KOP_FI [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,5] [0,8;1,4] [0,8;1,8] [0,9;1,5] [1;1,4] 
KOP_Ab [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,8] [0,8;1,6] [0,6;1,4] [0,7;1,3] [0,8;1,2] 
KOP_We [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,8] [0,8;1,6] [0,6;1,4] [0,7;1,3] [0,8;1,2] 
KOP_Ve [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;2,5] [0,5;2] [0,5;1,5] [0,4;1,2] [0,4;0,9] 
KOP_Fs [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,5] [0,8;1,4] [0,8;1,8] [0,9;1,5] [1;1,4] 
KOP_Au [0,01;2] [0,2;1,8] [0,5;1,5] [0,8;1,2] [0,5;1,5] [0,8;1,4] [0,8;1,8] [0,9;1,5] [1;1,4] 
 
The set of KOP can be described like: 
 Sets            : the selected ranges are used for every process KOP. With the 
growing up the series the ranges converge to the round of the value one 
 Sets        : the ranges are different for the different type of works; they 
remain really large for permit a freer optimization by the GA. The ranges are 
larger in the "easiest" jobs for permit a "full optimized values" (that need a 
minus value of needed competences and a low impact of the personnel on the 
process time), on the other hand the values of the "most difficult" jobs have the 
ranges that converge to the value one. 
 Sets                  : these sets are an extremization of the previous set, with 
the growing of the set the KOPs' values of jobs like heating and cooling belong  
to a range minus than one, the machining and forging to a range around the 
value one, the fine machining more than one. 
The reason of this KOP ranges application is explained in the chapter 6. The 
approximation to the sets to the value one mean also the will of have the tendency of 
the nGA of approximate the values of the oGA: if this will be realized into the 
simulations the new model's results can be taken as credible. Whether the values of 
the KOPs would be exactly equal to one, the nGA process models correspond 
exactly with the oGA models: obviously the results of both the algorithm must be the 
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same. All the results of the optimization settings and results are stored into Excel 
files, an example of these files is showed in figure 7.3. 
 
     
Figure 7.3: Results Excel files example. 
 
The Excel files are divided for the population size and generation, in every file is 
stored the results for the different combination of KOP range, for the nGA, and the 
results with the same setting for the oGA (that not include the competence 
module). The different page of the files show:  
 KOP range for every set. 
 Optimization target and parameter results for every Pareto efficient solution 
(results given by the GA and stored into the Database). 
A resuming page for every file is done, and includes:  
 Values of the best time optimization results for every KOP range. 
 KOP results of the GA (    ). 
 Workers KOP (    ). 
The targets of the optimization are the Fitness Functions used by the GA: this targets 
include the global time, cost and quality for the manufacturing process. The main 
targets are concentrated in the GA results that include: 
 Global FF time value. 
 Global FF cost value. 
 Global FF quality value 
The parameters of the direct and the indirect chains are variables of the nGA, with 
the addiction of the KOP, and of the oGA, that doesn’t include the optimization 
variables. The variables are used by the algorithm for determining the optimization, 
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through the minimization of the target Fitness Function: the selection of the Pareto-
efficient tradeoff solution determines consequently the selection of parameter set, 
already used by the GA. The most relevant process parameters included in the GA 
variables are listed as follows: 
 Cutting width for the indirect process chain's surface grinding. 
 Number of strokes for the direct process chain's forging process. 
 Cutting width for the direct process chain's turning outside. 
 Cutting speed for the indirect process chain's hard turning. 
 Cutting speed for the indirect process chain's turning inside. 
 Heating temperature for the indirect process chain's tempering process. 
 Heating temperature for the direct process chain's heating process. 
The results, that will be showed, are taken with the same criterion, for the oGA and 
the nGA, are taken from the Pareto-efficient solutions of the algorithm with the 
criteria: 
 The set of parameters and FF results that have the best results in the time 
optimization: the set of parameters with the minimum value of the global time 
Fitness Function is selected, for every optimization set of the nGA and the 
oGA 
The results are different for every combination of population size, generations’ 
numbers and crossover methods in the case of the oGA, and also for the selected 
KOP range in the case of the nGA. In the following pages are showed the graphics 
for the comparison of the results values of two of the targe parameters: 
    : the result of the global time FF. 
    : the result of the global cost FF. 
The graphics, in the following pages, express the values of the results for these 
parameters for the oGA and the nGA, divided for the different KOP ranges sets 
The different graphical trends are listed as follows: 
 Population 20, Generation 50, Crossover 2 points: 
o figure 7.4 global time Fitness Function; 
o figure 7.5 for the cost fitness function. 
 Population 50, Generation 50, Crossover 2 points: 
o figure 7.6 global time Fitness Function; 
o figure 7.7 for the heating temperature. 
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 Population 50, Generation 50, Crossover arithmetical: 
o figure 7.8 global time Fitness Function; 
o figure 7.9 global cost Fitness Function. 
 Population 100, Generation 50, Crossover 2 points: 
o figure 7.10 global time Fitness Function; 
o figure 7.11 global cost Fitness Function. 
 Population 500, Generation 100, Crossover 2 points: 
o figure 7.12 global time Fitness Function; 
o figure 7.13 global cost Fitness Function. 
 
 
Figure 7.4: Graphical comparison for the oGA and nGA for Time FF value: population 20, 
generations 50, crossover 2 points. 
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Figure 7.5: Graphical comparison for the oGA and nGA for Cost FF value:  population 20, generations 
50, crossover 2 points 
 
 
Figure 7.6: Graphical comparison for the oGA and nGA for Time FF value: population 50, 
generations 50, crossover 2 points. 
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Figure 7.7: Graphical comparison for the oGA and nGA for Cost FF value:  population 20, generations 
50, crossover 2 points 
 
 
Figure 7.8: Graphical comparison for the oGA and nGA for Time FF value: population 50, 
generations 50, crossover arithmetical. 
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Figure 7.9: Graphical comparison for the oGA and nGA for Cost FF value:  population 20, generations 
50, crossover arithmetical. 
 
 
Figure 7.10: Graphical comparison for the oGA and nGA for Time FF value: population 100, 
generations 50, crossover 2 points. 
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Figure 7.11: Graphical comparison for the oGA and nGA for Cost FF value:  population 100, 
generations 50, crossover 2 points. 
 
 
 
Figure 7.12: Graphical comparison for the oGA and nGA for Time FF value: population 500, 
generations 100, crossover 2 points. 
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Figure 7.13: Graphical comparison for the oGA and nGA for Cost FF value:  population 500, 
generations 100, crossover 2 points. 
 
The graphics clearly display that the nGA results approximate the result of the oGA 
when the sets of KOP ranges are closest to the value one. The results of the oGA 
are taken as credible for hypothesis: thus these trends demonstrate the validity of the 
competence module applied to new algorithm. The trends of the nGA approximate 
the results of the oGA in the best way in the cases where the population and the 
generation number are highest. In the case of 100 and 500 population the values are 
more close to the results of the oGA: the overshoot is really inferior in these cases 
than the optimization cases with a lowest number of initial population. The reasons of 
this behavior should be founded in the really high precision required for the KOP 
(               ) and in the number of variables. The high number of population 
and generations give to the algorithm the possibility of selection in a larger pool of 
variables and for more generations, this improve the performance of the nGA: on the 
other hand the time of optimization increase exponentially, and the Pareto-efficient 
results are numerous. For these reasons the best approximation of the oGA are for 
the KOP ranges that constricts the algorithm to select a values of the coefficient near 
one, and this appear for the runs with population of 100 and 500. In the figure 7.14 
are displayed the GA graphical results for the FFs for population of 500, 100 
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generations and the KOP range mode      . In this figure is clearly showed the Pareto 
frontier that gives a tradeoff solution possibility. 
 
 
Figure 7.14: Graphics of the GA for the case of 500 pop, 500 gen and KOP mode      .. 
 
At this point is necessary a comparison between the results values: this is useful for 
a demonstration if the nGA makes actually performances improvement, in 
relationship with the available pool of workers. The KOP ranges selected, and 
consequently the KOP optimized by the algorithm (    ) have to find confirmation in 
the coefficients owned by the worker (      by the assignment system described in 
the chapter 6: the mismatching of the coefficients gives a missing assignment of the 
workers to the job, and also an unavailable set of parameters used for the optimized 
the target functions.  
The specific solutions, taking in exam for the analysis, are taken form the tradeoff 
solution with the same criterion of the previous graphical analysis: the set of 
parameters selected is the set with the lowest global time Fitness Function value. 
The set of parameters are selected form the following three case of optimization: 
 oGA: 500, initial population size; 100 generations. 
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 nGA_v2: 500, initial population size; 100 generations;    , selected KOP 
ranges set. 
 nGA_v3.3: 500, initial population size; 100 generations;      , selected KOP 
ranges set. 
The table 7.6 shows the results of the target Fitness Functions for the three cases: 
    : Global Time Fitness Function value. 
    : Global Cost Fitness Function value. 
    : Global Quality Fitness Function value. 
 
Table 7.6: FF values for the nGA and oGA. 
FF values oGA nGA_v3.3 nGA_v2 
    269,28 264,68 196,4 
    200,19 191,19 141,3 
    31,08 31,08 31,08 
 
The resulting parameters of the optimization (variables of the GA, which the 
algorithm uses for the optimization of the target FF) are displayed in the table 7.7.  
 
Table 7.7: Process parameters results for nGA and oGA. 
Process Parameters values oGA nGA_v3.3 nGA_v2 
Cutting width Forging tool               [mm] 0,01 0,01 0,01 
Strokes number                              [1/min] 60 50 50 
Cutting width Workpiece                 [mm] 0,06 0,06 0,058 
Cutting speed Forging Tool     [mm/min] 2769 2754 2299 
Cutting speed Workpiece         [mm/min] 2245 2245 2220 
Heating Temperature Forging Tool  [°C] 554 557 564 
Heating Temperature Workpiece      [°C] 1050 1050 1080 
 
The process parameters include in table 7.7 are the following: 
 Cutting width for the indirect process chain's surface grinding. 
 Number of strokes for the direct process chain's forging process. 
 Cutting width for the direct process chain's turning outside. 
 Cutting speed for the indirect process chain's hard turning. 
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 Cutting speed for the indirect process chain's turning inside. 
 Heating temperature for the indirect process chain's tempering process. 
 Heating temperature for the direct process chain's heating process. 
The values of the target Fitness Function can be processed by the preference 
functions (showed in the chapter 3) for obtain the target optimization results: 
 global time of production of a part: the time of a forged part manufacturing, 
from the first process of the direct, to the end of the manufacturing process 
obtained by     with the application of the preference function (min); 
 global cost of the manufactured part: this cost includes all the cost assigned to 
its, as the labor cost. It’s obtained by     with the application of the preference 
function (   
 global quality of the manufactured part: the Vickers Hardness of the 
manufactured parts at the end of the manufacturing process. It’s obtained by 
    with the application of the preference function (   
The table 7.8 displays the optimization target results for the two case of the nGA and 
for the oGA: the results of cost and time are improved by the new algorithm. 
 
Table 7.8: Target results for nGA and oGA. 
Target optimization values oGA nGA_r_v3.3 nGA_v2 
Production Part Time  
[min] 
49,02 48,96 47,93 
Manufactured Part Cost 
[€] 
21,99 21,90 21,40 
Forged Component Quality 
[HV] 
209,06 209,06 209,06 
In the case     is given more freedom, by the larger KOP ranges selectable to the 
algorithm, for this reason the results have a major improvement; in the case       the 
optimization is wizard by the differential ranges selection that approximate the ideal 
value of KOP for the personnel assignment. The figure 7.15 shows graphically the 
results for the production time for the oGA and the two case of the nGA. The figure 
7.16 shows the results for the production costs. 
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Figure 7.15: Production Time results for the oGA and for the nGA in     and       cases. 
 
 
Figure 7.16: Production Cost results for the oGA and for the nGA in     and      cases. 
 
The quality of the forged component remains the same for all the optimization set: 
the worker influence gives a negligible contribution to the hardness of the forged 
component. The figure 7.17 displays graphically the forged component quality.  
The heating temperature (showed in figure 7.18) of the workpiece, as cost and time, 
has the great improvement for the nGA in the r_v2 KOP range setting. The 
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temperature improvement is still contained into the acceptable temperature range for 
the heating. 
 
 
Figure 7.17: Workpiece Hardness results for the oGA and for the nGA in in     and      cases. 
 
 
Figure 7.18: Workpiece heating temp. results for the oGA and for the nGA in in     and      cases. 
 
In summary the results improve in the new GA: the improvement have to be 
confirmed by the personnel assignment. The results of the nGA include the optimized 
KOP (    ): this have to be matched with the KOP owned by the workers (table 
7.4). The personnel assignment is done for the nGA in the case of       KOP range, 
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which is closer to the values of the coefficients owned by workers: this will give a 
reasonable and acceptable value of tolerance (as exposed in the chapter 6). The 
table 7.9 shows the optimized values of the KOP coefficients. 
 
Table 7.9: KOPs optimization results for the validation test running. 
Optimized     r_v3.3 
Turning 0,82 
Heating 0,59 
Forging 0,91 
Cooling 0,88 
Turning Outside 1,29 
Turning Inside 1,39 
Separation 0,9 
Turning 1,11 
Temper 0,83 
Grinding Surface 1,4 
Hard Turning 1,27 
. 
In the figure 7.17 the optimized KOP values are display graphically: the coefficients 
are assigned directly to the correspondent process in the direct and indirect chains. 
Thus for the consideration did in the chapter 6, the selected value of tolerance: 
               ,  
The tolerance has to be high for the reduced number of workers and the range of 
KOP given into the fine machining jobs: these range set the values of the KOP on 
values major than one. It is realized for improve the performance in the most 
important jobs of the manufacturing process, that can be improved by the worker 
competences.  
The battery of the selected workers for the process chains (without considering any 
kind of constraints) is showed in figure 7.18: the workers are chosen with the 
mechanism described in the chapter 6: every      (optimized by the GA) is 
compared with all the values of the workers     for the same process.  
For every process the formula 7.1 is applied for the assignment decision. 
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       (7.1) 
For every process and every worker are calculated the        that respect the 
tolerance between the available        is selected the lowest for every process. 
The selection of the lowest value means to select the worker with the coefficient 
     closer to the optimized values (    ).  
The figure 7.18 displays the results of the assignation process. The possibility of 
assignation for every worker to a job gives the necessary validation to the obtained 
results.  
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Figure 7.17: Optimized KOP for the case of 500 pop, 500 gen and KOP mode      . 
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Figure 7.18: Personnel assignment results  for the case of 500 pop, 500 gen and KOP mode      .. 
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In figure 7.19 is showed a summary of the results of the nGA. 
 
Figure 7.19: Summary of the results of the nGA 
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8 Outlook and further developments 
 
In this chapter are discussed the necessary improvement and the possible future 
development of the projected prototype. The possibilities of improvement are 
analyzed point by point. 
Smarter GUI: the programming of the GUI can be improved by a more efficient use 
of the graphical resources, but the really necessary characteristic have to be the 
simplicity at the visualization for the planner. The pages are composed of too many 
buttons, and the problem is that too many are unnecessary. The reason is that the 
addiction of process, process chain, worker, variables and order into the Database is 
not connected with a fundamental insertion of the Database connection: thus the 
insertion can be find into the Access file, but without the connection cannot be 
selected or interact with the whole system.  A separate discussion needs to be done 
for the variables and the constants: these not only have to be connected with the 
process and the other tables of the Database, but inserted into the process models 
with the variation of the equation. Automation for this problem can be really difficult to 
realize, but the insertions, in this way, would be confusing for the planner, and a 
wasting of time for the replication of the addiction directly in the Access Database 
and in the MatLab GA. An extreme solution would be the deletion of the insertion in 
the Database form the GUI: the shape of pages can be more compact and easier 
than the actual for the planner. An example of improvement in this way can be the 
erasing of the second page, where the processes can be added without connection 
and the process chains' processes can be only visualized without any possibility of 
modification. 
More efficient programming: the programming of the personnel addiction can be 
improved a lot. The entire flowchart exposed in the chapter 6 would be introduced 
with programming into the database. For first a last page that visualize directly the 
KOPs owned by the workers and the KOP coefficients obtained by the GA, for a 
easiest way for the composition of the workers' battery. The composition would be 
also produces in this page and exported directly into a file (as for the optimized 
variables of the GA). In figure 8.1  show a model of a window already designed for 
this aim but not completely programmed: this page can be associated to the last 
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window to the existing GUI: in the last page of the interface the button "Personnel 
Composition" connect directly with this page, as showed in the appendix B. The top 
table includes the KOPs obtained by the GA ("KOP-GA analysis results") , the middle 
table contains all the KOPs owned by the workers for every different job of the chains 
("Worker KOP skills"): two scroll buttons permit the selection of a process ("Process 
Selection") of both the process chains and of the workers ("Please select a Worker"). 
After the selection of the worker the central button permits to associate the worker 
directly to the selected job, and it automatically stores the name in the correspondent 
job in the table on the bottom. The button "Print" exports the results into an external 
file. 
 
 
Figure 8.1: Worker battery composition window. 
 
Automatic selection of the worker: A forward step for the programming must help 
the planner during the assignation of the workers to the jobs in the respect of the 
constraints of the worker: the selection have to avoid automatically the not desirable 
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situation for the worker. A popup window can be programmed, for example, where 
the planner can decide all the jobs that some workers mustn't realize for physical 
problem, or associate the work that a single person can do contemporary because 
the work station are really near, sequentially; at the same can be associated the jobs 
that a worker cannot do at the same time, because, for example, the process station 
are not in the same plant. An excellent programming improvement would compose 
automatically the worker set and assign them to the job, with only the introduction of 
the tolerance makes by the planner. The automatic selection of the worker can be 
programmed with the automatic selection of the KOP of the worker nearest to the 
optimized KOP by programmed filter. In this way banal error of the planner in the 
assignation only for a bad checking of the numbers:  vice versa he can check directly 
the battery and produces the modification directly to a list of workers associates to 
the process chain. Instead of the tolerance, in order to have more freedom in the 
selection, can be displayed at the association of every competence a percentage of 
compatibility of the worker with the job, defined like:               
                
             
. 
The percentage can be displayed in the same percentage of the selection of the 
workers. 
 
Complicate management of the file: the changes on the programming enounced 
before are necessary also for a minor use of different file into all the process of 
optimization and assignment. In fact the MatLab is necessary for open the GUI and 
for the programming of the GA, as well as the Access for program the database. A 
better interaction between the GUI and the Database can avoid to the planner the 
opening of the Access program for insert the relationship between the table at the 
insertion of any new data through the GUI itself. In addiction Excel files have to be 
used for the calculation of the delta competences and the KOP owned by the 
personnel: this can be avoid if these calculation are made directly by the MatLab 
GUI. This calculation has to be inserted directly in the GUI programming because all 
the data are taken from the GUI into the Access Database that cannot do 
mathematical operations. The calculation of the delta competences can be 
programmed directly in the third page of the existing GUI, where the delta 
competences are displayed.  
 
  
153 
 
Competences criteria: with the high number of the voices into the needed 
competences and the personnel skills, as well as the delta competences the worker 
can be confuse.  Thus instead the delta competences  the planner can directly give a 
mark to the different competences related directly to the work (e.g. the planner gives 
8 to Mario in the Tool Knowledge of the Turning process). In this way the personnel 
skills' table and the needed competences' table are erased. The rating scale of the 
competences can be changed from 1-10 to 1-5: for assign a personal judge the scale 
1-10 is easier than the other for the worker (because this kind of scale is usual and 
the big company store usually in this way the valuation of the workers), but for the 
relative criteria is better the scale 1-5, with a shorter range of evaluation. In this way 
also the KOP have to change to a formula similar to the formula (8.1).  
      (∑
   
  
  
   
     ∑
   
  
  
   
   )     
       (8.1) 
 
Learning factor: as expose during this work the learning (and also the teaching) 
factor is essential for an improvement of the competence of the workers and for the 
use of the knowledge of the personnel with more experience and competence about 
the involved processes. In the chapter 4, with the formula (4.2) is exposed a way for 
render numerical the learning/teaching process. The leaning proceeding have to be 
inserted into the consideration that the planner can do also after the KOP obtaining 
by the GA: the possibility of learning have to be considered during the assignation to 
a job of the worker by the planner. In this way a not adequate worker for a job can be 
selected for the work, with only an association with another person with more 
experience: this means time and money saving, meanwhile a permanent 
improvement of the ability of the learner. 
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 Figure 8.2: Flowchart for the job assignment modified for the learning improvement process . 
 
The social capabilities are essential for this kind of process: as shown in the chapter 
4, the values of the interaction have to be enough for the exchange of knowledge. 
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The learning option can be displayed in the third page of the GUI: the figure 8.3 
displayed a not programmed window that can show all the processes, all the workers 
and the possibility of improvement by the selection of the teacher and the needed 
improvement time. Also a graphical visualization can help the planner in a easier 
decision. 
 
 
Figure 8.3: Learning option page for the GUI . 
 
Competence Fitness Function: another important option is to add a fitness function 
that involve only the KOPs: the function erased can be the cost FF, because is 
dependent to the time fitness function, or the quality fitness function, if it is would be 
less necessary. Two preliminary possibilities of fitness function are developed by 
taking inspiration from the examined case. The first type of function, that is called 
Algebraic FF, is showed in formula (8.2): the fitness function is a simple multiplication 
of the two summations. The first one is the summation of the KOPs of the direct 
process chain, the second one of the KOPs of the indirect process chains. 
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       (8.2) 
The second type of function, that is called Resistance FF, is showed in formula (8.4): 
it takes inspiration from the electric resistance sum. The branches of the direct and 
the indirect chain before the connection point are treated as parallel branches of an 
electric circuit: after the sum, the parallel branches are represented by an equivalent 
KOP, as in formula (8.3). The equivalent KOP is summed with the other branch of the 
direct chain, as they are two brunches in series of an electrical circuit. The model on 
this FF is showed in figure 8.4. 
 
                                    
      (8.3) 
 
        
                           
                           
                    
        
      (8.4) 
 
Figure 8.4: Schematization of the model for the competence resistance FF.  
 
In the figure 8.5 are schematized the possible further developments for the 
competence based prototype and for the competence based procedure. 
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Figure 8.5: Schematization of possible further developments.  
 
• Data insertion only with GUI 
• Elimination unseful object (Access,GUI) 
• Display KOP for matching (GUI) 
• Automatically KOPs matching (GUI,GA) 
• Competence/Job directly evaluation  
• Learning factor (GA,GUI) 
• Competence Fitness Function (GA) 
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9 Conclusion 
 
The new procedure finds a way for represent the influence of the personnel on the 
mathematical models of the processes, particularly the influence of a worker on the 
time and cost of a job. The way to assign the worker to the jobs is systematical, in 
orders to minimize the possibility of error and subjectivism by the planner, and 
optimized by the GA.  
The case in study, presented in the chapter 3, has already an optimization that 
involved only the process parameters, realized by a prototype compose with the 
interaction of three different parts: a Genetic Algorithm, a Graphical User Interface 
and an Access Database. The structure of the prototype is completely showed in the 
chapter 5. In the chapter 4 the competence-based criteria give an instrument for a 
numerical and systematical evaluation of the competence of the workers and of the 
job, and for the difference of competence that exist between both, called delta 
competence: the matrix for the personnel and for the works are fundamental for the 
calculation for the voltaic key of the whole work, the KOP coefficient, as in formula 
(4.3). 
The KOP is the coefficient that formalizes the influence of the personnel on every 
job's time and cost, and also its assignation that corresponds to every combination 
job-workers permits the use of this coefficient in the assignation of the personnel to 
the processes. Two kind of KOP are evaluated: 
 KOP owned by the worker, calculated by the skill of the worker and the 
needed competence of the job, assigned by the planner. 
 KOP obtained by the GA, calculated by the algorithm because the KOPs are 
inserted into the processes models for determine the influence of the 
personnel, and this coefficients are treated as variables of the GA itself and 
thus become optimized.  
A coefficient major than one means the capacity of the worker of improve the process 
time for the job proportionally to the percentage of the influence of the worker himself 
to the job, with the consequently grow of the cost that is proportional at the same 
percentage: this percentage is the coefficient    as in the formulas (4.5) and (4.6). A 
coefficient minor than one means a longer time of processing and a saving of costs. 
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The process parameters, resulting by the GA, are influenced by the personnel KOP 
directly in the run of the algorithm: the influence of the workers results directly in the 
optimized process parameters, as wished.  
The similarity of the worker KOP with the optimized KOP determine the association of 
the person to the job: a concept of tolerance have to be introduced for this difference 
and the procedure, presented in the flowchart in the chapter 6, gives to the planner a 
scheme for the assignation of the worker with the tow kind of KOPs. Thus the 
assignation would be more scientific than the classical way. 
The realization of this new concept has done by a triple modification, as showed in 
the chapter 6: 
 modification of the Access Database 
 modification of the Genetic Algorithm 
 modification of the Graphical User Interface. 
The GUI is a fundamental instrument that permits to the planner to act and modify 
the GA and the Database in an easier way, without acting directly on the program, 
and also for visualize in a comfortable manner the results of the optimization 
The results of the validation tests, presented in chapter 7, demonstrate that the new 
algorithm approximate the old when the GA has to select a range of the coefficients 
of the personnel are near one. 
This means that the results of the new GA are in according with the consolidated 
results of the old prototype. The composition of the personnel is also realized in the 
chapter 7 by a personnel pool sample: with this personnel battery the cost, time and 
process parameters resulting have the necessary improves, proportional at the 
quality of the personnel used. 
The GUI is another important aspect of this work: a hard work of programming can 
realize not only the modification of the GA, but a page of the GUI where is possible 
display all the workers' skills, the needed competences for the job, the coefficients 
necessary for the KOPs and the delta competences. This is really important for give 
to the planner a complete view about the optimization process. In table 9.1 are 
showed the advantages and disadvantages of the new competence based 
optimization. 
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Table 9.1: Advantages and disadvantages of the new competence based optimization.  
Advantages  Disadvantages 
The nGA optimizes all the parameters and 
personnel coefficients simultaneously. 
Hard programming for the GUI and the 
GA. 
KOP gives the opportunity to summarize 
in one number all the characteristics of the 
workers in the job (e.g. as the equivalent 
stress for a structure). 
Insertion of the data: they cannot be 
completely inserted through the GUI, 
because the connection between the 
Access tables cannot be created by the 
GUI itself. 
KOP method is more systematic and less 
empirical than the other planning 
methods. 
Access database programming has to 
be really accurate. 
Process parameters are optimized with 
taking in consideration the influence of the 
worker. 
Worker’s skills, needed competences 
and KOP coefficients can be difficult to 
identify without an accurate company’s 
background. 
The nGA optimizes KOPs: this give to the 
planner the opportunity to select the best 
solution for the organization of the workers 
in the manufacturing process. 
KOP of the GA have to be matched with 
the KOP of the Access database. This 
procedure is not automatic, and has to 
be done manually by the planner. 
The third page of the GUI shows, and 
permits to modify, all the personnel data, 
job competence data and constants 
related to the KOP. A complete and 
concentrate overview is a great instrument 
for the planner.  
The mismatching of the personnel 
coefficients means an unavailable set of 
optimized parameters.  
The nGA gives to the planner the 
opportunity to identify the flaw points of 
the personnel and the possibility to 
improve them. A personnel improvement 
means better performances for the whole 
system. 
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